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1,2',3,5'(2H)-tetrones and their pharmaceutically acceptable salts thereof, to processes
for their preparation, to methods for using the compounds, and to pharmaceutical
preparations thereof. The compounds have pharmaceutical properties which render
them beneficial for the prevention or reatment of complications associated with diabetes
mellitus.

The use of ihsulin and/or oral hypoglycemic agents in the weatment of diabetes
mellitus has prolonged the life of many of these patients. However, their use has not
had a demonstrable impact on the development of diabetic complications such as

- neuropathy, nephropathy, retinopathy, cataracts and vascular disease which accompany
the underlying metabolic disorder. There is little question that chronic hyperglycemia
.plays a major role in the genesis of these complications, and that complete
normalization of blood glucose would likely prevent most if not all complications. For
a number of reasons, though, chronic normalization of blood glucose has not been

~ achieved with the currently available therapies.

The long-term complications of diabetes develop in tissues where glucose
uptake is independent of insulin. In these tissues, which include the lens, retina,
kidney and peripheral nerves, the systemic hyperglycemia of diabetes is rapidly
transposed into high tissular concentrations of glucose. In all of these tissues this
excess glucose is rapidly metabolized by the sorbitol pathway. The intense diabetes-
induced flux of glucose through this pathway appears to initiate a cascade of
biochemical alterations which slowly progress to cell dysfunction and structural
damage. Aldose reductase, the key enzyme in the sorbitol pathway, reduces glucose to
sorbitol at the expense of the cofactor NADPH. In animal models of diabetes,
compounds which inhibit aldose reductase have been shown to prevent the-
biochemical, functional and morphological changes induced by hyperglycemia. Early
studies by J. H. Kinoshita and collaborators implicated aldose reductase in the etiology
of diabetic cataracts. More recent studies have provided compelling evidence that
aldose reductase also plays a significant role in the initiation of diabetic nephropathy,
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galactosemia.
10 _ Summary of Invention

The 1'-aminospirofisoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrones
of the present invention are represented by formula (I):
R4

wherein:

15 R! and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms, -
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl or aryl (fower alkyl) oxy wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms;

-_—
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| nserra, D abetes, 36, 500, 1987. U S. Pate ;
publ i shed May 22, #9907 discloses that the spiro- 35 H@ §’|¥E/Efgﬁﬂ;s BEEN
irsoquisnol i ne- pyrrol i dine tetrones of ¥brmla REPLAGED

~2- [err]

R3 is lower alkyl containing 1 to 6 carbon atoms, aryl, aryl (lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains 6 to 10
carbon atoms and lower alkyl contains 1 to 6 carbon atoms;
R4 and RS9 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
5 aryl or aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms and
lower alkyl contains 1 to 6 carbon atoms, alkanoyl of 2 to 5 carbon
atoms, carboalkoxy, alkylsulfoxy, arylsulfoxy, alkylsulfonyl, trifluoro-
methylsulfonyl, arylsulfonyl or R4 and R3 are joined to form a
heterocyclic ring of 5 to 7 ring atoms including the nitrogen atom to
10 which they are joined, and pharmaceutically acceptable salts thereof
when R4 and R are hydrogen, alkyl or aryl.

A more preferred group of compounds of the present invention is represented
by formula (II):

R4

15 wherein R! and R2 are hydrogen or halogen, R3 is a dihalogen substituted benzyl, R4
and R3 are hydrogen, acyl, carboalkoxy or trifluoromethanesulfonyl.

The most preferred compounds of the present invention are set forth below:

1'-amino-~2-[(4-bromo-2-fluorophenyl)methyljspiro[isoquinoline-4(1H),3'-
pyrrolidine]-1,2',3,5'(2H)-tetrone;

20  1'-amino-2-{(4-bromo-2-fluorophenyl)methyl]-6-fluorospiro[isoquinoline-4(1H), 3'-
pyrrolidine]-1,2',3,5'(2H)-tetrone; |

N-[2-[(4-bromo-2-fluorophenyl)methyl]-2,3-dihydro-1,2',3,5'-tetraoxospiro[iso-
quinoline-4(1H),3"-pyrrolidin}-1'-yl}iminodicarbonic acid dimethyl ester;
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The compounds of formula (I) all possess ut least one asymmetric carbon atom,
namely the spiro carbon atom at position 3’ of the pyrrolidine ring. The compounds of
formula (D) therefore exist, and may be isolated, in two or more stereoisomeric forms.
This invention encompasses the compounds of formula (I) in racemic form or in any
optically active form.

The 1'-aminospiro[isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrones
can be prepared by the processes described hereinafter. )

A method is provided for preventing or relieving diabetes mellitus associated
complications in a diabetic mammal by administering to said mammal a prophylactic or
alleviating amount of the compounds of formula (I). Such complications include
neuropathy, nephropathy, retinopathy, keratopathy, diabetic uveitis, cataracts and
limited joint mobility.

The compounds of formula (I), when admixed with a pharmaceutically
acceptable carrier, form a pharmaceutical composition which can be used according to
the preceding method.

The 1'-aminospirofisoquinoline-4(1H),3"-pyrrolidine]-1,2'3,5'(2H)-tetrones of
this invention may be administered to mammals, for example, man, cattle, or rabbits,
either alone or in dosage forms, i.e., capsules or tablets, combined with pharmaco-
logically acceptable excipients.

The compounds of this invention may be given orally. However, the method of
administering the present active ingredients of this invention is not to be construed as
limited to a particular mode of administration. For example, the compounds may be

administered topically directly to the eye in the form of drops of sterile, buffered .

ophthalmic solutions, preferably of pH 7.2-7.6. Also, they may be administered orally
in solid form containing such excipients as starch, milk sugar, certain types of clay and
so forth. They may also be administered orally in the form of solutions or they may be
injected parenterally. For parenteral administration, they may be used in the form of a

This Sheet Has Been R

L TN

accunul ation in a test
conducted in vi vo. However, the pharnacol ogi cal data shows that they

do not i m{zﬂmmbmsz-ﬂubmpheﬂ;d)mhyﬂds?é-dﬂwm-é%Si&‘rtdd:dokos;ﬁrd[isoa t est
carried q
sqgl Og? JPRes (]]Hyl] IIBWS é?cr%?eiugpnwc(zm tetrones of

. present |nvent|on are rels)resented by formula (1) [err]




15

hydr ogen,
[Fower sal koxy containing | to 6 carbon &toms, trifl uor onethyt—20

wher ei n: Rl err] and Rlerr] are i dmbser&IEETIEAS BEEN
al kyl contaifning 1 to 6 carbon atons, REPLACEBI ogen,

‘nitro, aryl or aryl (lower alkyl) oxy wherel n aryl contains 6 to 10 carbon
at ons andsiérilessolhaidny lpreferably of pH 1.2-7%66,cantaiming taophearmaceutically acceptable

10

15

20

25

30

buffer.

The dosage of the 1'-aminospiro{isoquinoline-4(1H),3'-pyrrolidine}-1,2',3,5'-
(2H)-tetrones will vary with the form of administration and the particular compound
chosen. Furthermore, it will vary with the particular host under treatment. Generally,
treatment is initiated with small dosages substantially less than the optimal dose of the
compound. Thereafter, the dosage is increased by small increments until efficacy is
obtained. In general, the compounds of this invention are most desirably administered
at a concentration level that will generally afford effective results without causing any
harmful or deleterious side effects. For topical administration, a 0.05-1.0% solution
may be administered dropwise in the eye. The frequency of instilladon varies with the
subject under treatment from a drop every two or three days to once daily. For oral or
parenteral administration a preferred level of dosage ranges from about 1.0 mg to about
10.0 mg per kilo of body weight per day, although aforementioned variations will
occur. However, a dosage level that is in the range of from about 1.0 mg to about 10.0
mg per kilo of body weight per day is most satisfactory.

Unit dosage forms such as capsules, tablets, pills and the like may contain from
about 5.0 mg to about 25.0 mg of the active ingredients of this invention with a
pharmaceutical carrier. Thus, for oral administration, capsules can contain from
between about 5.0 mg to about 25.0 mg of the active ingredients of this invention with
or without a pharmaceutical diluent. Tablets, either effervescent or noneffervescent,
can contain between about 5.0 to 25.0 mg of the active ingredients of this invention
together with conventional pharmaceutical carriers. Thus tablets, which may be coated
and either effervescent or noneffervescent, may be prepared according to the known
art. Inert diluents or carriers, for example, magnesium'carbonate or lactose, can be
used together with conventional disintegrating agents for example, magnesium stearate.

The 1'-aminospirofisoquinoline-4(1H),3'-pyrrolidine]-1 ,2'3,5 '(2H)-tetrones
also can be used in combination with insulin or oral hypoglycemic agents to produce a
beneficial effect in the treatment of diabetes mellitus. In this instance, commercially
available insulin preparations or oral hypoglycemic agents, exemplified by -
acetohexamide, chlorpropamide, tolazamide, tolbutamide and phenformin, are suitable.
The compounds hereof can be administered sequentially or simultaneously with insulin
or the oral hypoglycemic agent. Suitable methods of administration, compositions and
doses of the insulin preparation or oral hypoglycemic agent are described in medical
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- 3- ‘Rlerr] is lower alkyl containing 1 to 6 carbon atons,
aryl , . arextbopks\for instangd, \Phpsicidndi Desk Beference, 42 ed., Medical Ecohemicasifed aryl
(1 ower Al )Nr\ﬁiebeg@a[ g contains 6 to 10 carbon atons and | ower

al kyl contaihs I'to © carbon atons; 5 Rlerr] and Rerr] are

aryl (1lower PR pidpssediarR Y ROEBRPHTE e COMBOUEIRBAHS HVGHEORIA | oner
al kyl  the utilization of the coifibunds'i preventifgs dinkinishirigoaml alidvigiipydiabéic to 5
carbon atong, al koxycarbonyl . . .al kylsul foxy, aryl sul f oxy,
al kyd sufPERYFAMIANS; A, gFB‘HE%/“FﬁW% ARt SRYPMERES, | WStRG cﬁ‘%ﬁ&%‘?cml ras,” see
Rlerr] mlérﬁ_ﬂ;eétf%l.,a.%cﬁexj&l 682, 146 ¢19%3). hBueh expartimentsi arg efeniplified” ri ng
Jaz)ioggdl, ﬂ%ﬁui’%lﬁ% ﬁﬂ%eé‘?iﬁégﬁ ;9f g‘ cfgld?‘é’g‘[yeééé‘g?‘? rsl: ofteiéfes %e%lnﬁ& {oh&txﬁe; gof when
Rl err] expéril®festst] are hydrogen, alkyl or aryl. A nore
preferred grayp ofGPERRBRGToRs of ik BARTER! 50-79 2N 5hRIFub-DAwiRy s&fat ed by
10 were used. The first group, the control group, was fed a mixmure of laboratory chow
(rodent Laboratory Chow, Purina) and glucose at 20% (w/w %) concentration. An
untreated galactosemic group was fed a similar diet in which galactoss was substituted
for glucose. The third group was fed a diet prepared by mixing a given amount of the
test compound with the galactose containing diet. The concentration of galactose in the
15  diet of the treated groups was the same as that for the untreated galactosemic group.
(b) After four days, the animals were killed by euthanization. Both the lens
and sciatic nerve were removed, weighed and stored frozen for polyol determination.
©) The polyol determination was performed by a modification of the
procedure of M. Kraml and L. Cosyns, Clin. Biochem., 2, 373 (1969). Only two
20 minor reagent changes were made: (a) the rinsing mixture was an aqueous 5% (w/v)
trichloroacetic acid solution and (b) the stock solution was prepared by dissolving 25
mg of dulcitol in 100 mL of an aqueous trichloroacetic acid solution. [N.B.: For each
experiment the average value found in the tissue from rats fed the glucose diet was
subtracted from the individual values found in the corresponding tissue in galactose-fed
25 rats to obtain the amount of polyol accumulated.] The aldose reductase inhibiting
effects of the compounds of formula (I) were also tested by employing an in vitro
testing procedure similar to that described by S. Hayman and J.H. Kinoshita, J. Biol.
Chem., 240, 877 (1965). In the present case the procedure of Hayman and Kinoshita
was modified in that the final chromatography step was omitted in the preparation of the
30 enzyme from bovine lens.

The following tabulated results show that the 1'-aminospiro[isoquinoline-
4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrones of this invention show the property that
they are active in vivo and diminish the accumulation of duicitol in the lenses, sciatic
nerves and diaphragm of rats fed galactose. The figures under L, N, and D represent

35 the percentage decrease of dulcitol accumulation in the tissues of the lens, sciatic nerve,
and diaphragm, respectively, for treated rats as compared to untreated rats. .
I —
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[ (4-Dbrono-2-fl uorophenyl ) met-hyl ] spiro[isoquinoline-4(1H), 3' -

ALDOSE REDUCTASE INHIBITORS

R4
/
N/ N\ RS L]
. 0]
R (o) F
>
Br
0 .
5
% Lowering Galactitol
% Inhibition Accumulation
In Vitro In Vivo
- Dose
10 Rl R4 RS 10-5M mg/kg/day | (L) | 2(N) | %D)

H H H 5 56 82 72 97

F H ~ H 0 50.5 54 75 96

H H COCH3 20 57 25 73 90

15 H H SOCF3 0 55 NS NS 66
H | COyCH; | CO,CH3 0 55 NS 50 82

(NS = not significant)
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THIS SHEET HAS. BEEN
i soquiRBBLAGE®- 4( 1H

(a7t om- - 11 or oKy Pt i e coppounas of 12

tetr ?ﬁxlcfsp'nnla[l] orcalts nmrtc:feln@mpbrrﬂpgmmmuds af formu{a | may e drepsrasbni ¢ aci d
i met hy : er,
-4- by ?&e[oftﬁ fA.P-]'lborv‘gﬁ )- 2-f | uor ophenyl ) met hyl ] - 2, 3- di hydr o-

1,2',3,5 -tetraoxospiro[isoquinoline-
a) acylating a compound of formula

5 | RORSNNH; (XTI
wherein R4 and R3 are as defined above with a compound of formula

CO,H
CO,R$

R \/ o
o

1

XIV)
NR3

O

or an activated form thereof

wherein CO2RS6 is an ester function, e.g. alkyl ester such as the methyl ester, and R},
10 R2and R3 are as defined above to give a corresponding compound of formula I and if

desired where possible isolating as a salt,

or

b) acylating a compound of formula I wherein one of R4 and RS is hydrogen, the
other is selected from hydrogen, lower alkyl, aryl or aryl(loweralkyl)- with an acylating
15 agent (including sulfonylating and sulfinylating agents) containing the group

R8CO-, R80CO- or RIS(O)n-

S
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+2', 35" -tetraoxospiro[isoquinoline- To4(1 REPLA(‘FD
H,3 -pyrrolidin]-1"-yl]-1,1,1-trifl uoronmethanesul f onam de. ~—Theé

conpounds of formula (1) aII possess at | east one asymetric car bon at om
namel y thWh%ﬁbesWQﬁdR9mld?@ﬁﬂbt%&ni@fl Rhmsayeﬁreéd:ﬁ tfiflubtd?g. The
conmpounds of formul a thereforef Xi S)ﬁ w‘, bggl sol a‘r@g in two
or more s b 10 &g & TOTF g compoypd of fartpula | v onpounds
of fornul aryl by aryi(loweratkoxy} adRYis alkanogl; carboalkogy,i athylkg/lf@qt, amdsiflfoxy, 10
The 1'-am €5 4 n

,2',3,5 (Elﬂf&?@é{&%ﬁewgﬁ%ﬂﬁ Hﬁ?x%x%ar&ﬁﬂgﬂif{)ﬂ%l 8% o%“esaggs descrblo ed

S Can

her ei rfaf t alkoxycarbonyl, alkanoyihelkabnkfoxmcxyl@nlfoxm alkw&rlformh. anylsubfenyber in a
et hod f OffiPyREh 15 GIfSHy reli eV| ng di abetes nellitus associated
conplications in a |abt|c manmal adm nistering to said mammal a

Buch somp i cat PR regAE] BaESeraLRg m@a JoRdBY B VST s PO
. ker at opat bcﬁd Gfaﬂﬁmﬁa UXEVt afd & ol nﬁgSamd kum tagda j Gdrbodiiglite & .
The COWpOHchS‘loRc yflcarbodxm{ieor fodii% )Alte\l\t@lgé]ve ydtr}?e)égr )\é\frl}chac?d %%lr, ntr?acebéxlrl%%tlx\lrt}/md
10 form e.g. as an acid halide such as the chloride or bromide, or an anhydride such as a
mixed anhydride. Processes for preparing compounds of formula III are described in

Publication No. GB 2224734 and EP Publication No. 365324

With regard to process b) examples of the acylating agent are acid halides and
anhydrides e.g. compounds of formuola R8COhal, (R8C0)20, R9S(0)qhal,
15 (R9S0,)70 and haloformates such as Ct COORS.

Multiple acylatibn may be effected using a stoichiometric excess of acylating
agent and more vigorous acylating conditions.

Preferred routes to compounds of the invention are shown in the process
below:-
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acceptable carrier, forma pharmaceutical conposition whichjcan bﬁ’EPLﬁ@E‘D :

according to the precedi ng net ho#0- 20 The
¥ -amnospiro[isoquinoline-4(1H),3 -pyrrolidine]-1,2 3,5 (2H) -tetrones of
this  TlicBeptdsen Tyl bmnamspmobsoqnnm»llnamﬂMmemmesth 82K,

Cabl ot o, mHRr REH prihtiiondon it REfE o e 101006 t'%ﬁénexc. S onta. 25

The conpunds of this invention may be given . oraIIy r exanple, the
conmpounds , be admjrBrst pred ically di rqctl eye in the
form of drop TLos |Ie buff ht hal i 00§Mepreferably
of pH 7.2-7.6. ad f,erea"orall solid form
cont ai ni ng such ean (it”glﬁts as starcﬁhﬁhﬁ m | k sugar, ain types of
clay and so forth nmay al so be adm ni stered Iylntheformof
sol uti ons or t o& may be |n1 ectedG@aMent eral | y. For parenteral
by N~ OMe .
step t ————
2) EuN, THF () step )
Et3N, DMF
Q
) COo,CM
) \/ 0,CMe,
CO,Me . CO,Me
R! ' o}
o step d) BrCH,00,CMe; S
N\Rs K;C0s, DMF : I “R3
O
(VID
VD CO,H
. CO,Me
, )CF,cozH. CH,Ch, RA L o sep D 1) DCC', HOBT
step €) e
N\R3 2) NH NH,, EtiN
0o
(VIID) /COZMe
0, PRANG
N CO,Me
. 0
R 0 X

wherein R1 is halogen or hydrogen and R3 is a disubstituted aralkyl.
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preferably of pH 7.:2-7.'6, cont aijpi.ng a phar maceut i EHI&SHEEE}W\SbBEEN
Buf f ers. The dosage of the REPLACED
1' - am nospi ro[ i soqui nol i ne- 4(1H) 3" -pyrrolidine]-1, 2,3, 525

tetrones ﬁ? 'aé"ary \ﬁe%{]{@ ?‘Her B?oﬁfob@ﬁ’ﬂé‘a}cf&&?ik%x@%ﬂ%#‘ﬁcxﬁ%ﬁu 1 Laar

conpound nor e cu host

under t r eiRrwvhercicRids as definedabayarwith dm;ethyl malohﬁﬂctalndtw i l.hh pmsme dosages
subst ant i gt b ealafpsc Eﬁ‘ﬁﬂmt &ecm?i td‘?iodﬁgéngx ﬁxmemyl eﬁ&hsf eafter,

t he dosage 'S I ncreased rrgh?ln nt unt|I Icacy 15 obtalned. In
general , formula @K ntfs,as F Vaivention are m)st desirably
adm ni stered at a concentration level that 10 wll generally afford

ef f ect§ ve Iresgl ts mmbwbrmiaﬂ%c aﬂ'u(s)?ﬁm?h!brobénﬂﬁé atids idg%nﬁlildqm);f ects.
For toplca a nigtratio a 1. 0% so n be a ni st er
dr opw se ‘glf © presen W&“?%%ﬁ&ﬁwnﬁﬁ X?tvﬂklr@fy‘ ICORPYEPES Y %nt'%' t he

adm ni stration, they may be used in the formof a sterllf sol-uti-on,

subj ect uptépamdrbgdﬂmntméthmiﬁa drop every two or three days to once
daily. For oral or parenteral adm nistration a preferred | evel of dosage
Step b) The propanedioic acid dimethyl ester of formula (TV) can be reacted with

thionyl chloride under refluxing conditions to produce the corresponding acid chloride

10  which upon treatment with Et3N in a conventional solvent which does not adversely
influence the reaction, for example, tetrahydrofuran, can produce the compound of
formula (V), wherein R1 is as defined above.

Step c) The compound of formula (V), wherein R! is as defined above, is
reacted with R3-NHj in the presence of Et3N in a conventional solvent which does not

15 adversely influence the reaction, for example, DMF, produces the compound of the
formula (VI), wherein R1 and R3 are as defined above.

Step d) The compound of formula (VI), wherein R1 and R3 are as defined
above, is reacted with an inorganic base such as potassium carbonate in a conventional
solvent which does not adversely influence the reaction, for example, N,N-

20 dimeﬂlylformamide and subsequent addition of the tert-butyl bromoacetate produces the
compound of formula (VII), wherein R1 and R3 are as defined above.

Step e) The compound of formula (VII), wherein Rl and R3 are as defined
above, can be reacted with an organic acid such as trifluoroacetic acid in a conventional |
solvent which does not adversely influence the reaction, for example, methylene

25  chloride, to produce the compound of formula (VIII), wherein R1 and R3 are as defined
above.

Step f) The compound of formula (VHI), wherein R! and R3 are as defined .
above, can be reacted with a coupling agent such as 1-(3-dimethylaminopropyl)-3-
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ranges from 1.0 ng to 10.0 ng per kilo of body
al though 15 af or enent’i oned variatiodg@-will occur. Howev ‘fﬁisggj%@egégdiﬁwl

tthat i*s in the range of from 1.0 ng to 100rmpeFF

body wei géth ESfboﬁﬁMud& (mget)/lsﬁydrsiﬁﬁhwwxazole (HOBT) ina comﬁuoﬂﬁw&ni or ms
such as ca e(i tabl ets, or °8 '%/ 0{‘1 ain from n&

25.0 ny o’f" RS P4 AvERI Rt é“Q)"fc i $he niRAStogn 9% I’F’%i‘“b?]lﬁr Ruti cal

20 car rﬂﬁemﬁlmwﬂe andibutsdgaent addidbn @f hydegzind &sd EayN,qerotiaies the om

bet ween t nts of this invention -
W th or V\f‘iﬂﬂ d&gﬂ%‘i’ gﬁﬁfwggﬁeﬁikt%dﬁl uer??déﬁg%ﬁq& elther ef fervescent

or noneffervescent, can contain between 5.0 to of the active

i ngr edi enSep@ t hi s Theweampanadt ofgformala (@Q)hwbmﬁll mth*maram&cd cal
carriers. ;gdis ir?IBlzexte%cte‘thﬁH MBch p@hlb?@f‘o?ﬁat%”ﬁl ﬂ'lé ?%seﬁéé %‘f‘@tﬁﬂeﬂt or

noneffervescent may par e ordyng t known | nert

dil uents ennveapw%rsel"% W%&?ﬂsém ymﬁluencc %F%ﬁﬁ?ef% exampleose, can
be used tpgahydbfithh,toGRrodedR!tho aamﬁdnm oft fosthalal (XD, wieRis Rl themadmlas

nmagnesi um sl_lm'?rage
1'-am nos Yﬁu nol i ne-4(1H), 3" -pyrrolidine]-1,2" 3,5 (2H) -tetrones al so
can 30 be used in conbination with insulin or oral hypogl ycem ¢ agents to
produlle aStepmdf i ci aThefdampound of fonmulee(IK)ewherein R¥ and RBatress efined us. | n

hypogl giégn%cﬁagents ﬁ; &%a‘%g"%ﬁﬂe@% > prodfEBIAE EbBBuAE of " &
t ol azam dformuly gfined abogyi tabl e. The corrpounds her eof
can be

Step 1) The compound of formula (IX), wherein R! and R3 are as defined
above, can be reacted with trifluoromethanesulfonic anhydride in the presence of Et3N

15 inaconventional solvent which does not adversely influence the reaction, for example,
methylene chloride, to produce the compound of formula (XII), wherein R! and R3 are
as defined above.

The following examples further illustrate this invention:

EXAMPLE 1

e

20 1'-Amino-z-[(4-bron_lo-2-ﬂuorophenyl)methyl]spiro[isoquinoline- v
4(1H),3'-,byrrolidine]-l,Z',3,5'(2H)-tetrone

Step a) (2-Carboxyphenyl)propanedioic Acid Dimethyl Ester -

To a rapidly stirred cold suspension (0°C) of 2-bromobenzoic acid (30.0 g,

_ 149.32 mmol), cuprous bromide (2.14 g, 14.93 mmol) and dimethyl malonate (300
25 mL) was added NaH (80% in mineral oil, 10.75 g, 358.37 mmol) over a 30 minute
period, while a stream of dry N2 was passed over the mixture. After the addition o_f the

NaH had been completed, the mixture was stirred for 10 minutes at room temperature

and 30 minutes at 70°C (external oil bath temperature). At this point, the suspension

had turned to a solid mass, which was dissolved in H»O (1000 mL). The aqueous

30 layer was extracted with diethyl ether (3 x 500 mL) and was acidified with HC] (2N).
The mixture was extracted with EtOAc and dried over MgSQ,4. Evaporation gave an
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adm ni stered sequentially or simultaneously with insulin of Tthgse SHEET HAS BEEN.
hypegl ycem ¢ agent. 35 Suitable neghods of adm nistration_con -Aquns

_-agd* deses of the insulin preparation or oral

st anceotP Ry S Rof g Py ity ifih ol AnERifer Bool R0 Ol 00 )

O adel |, gided. white ®ilid (3420890.9%, 8.p. 119-120°C ).The utilization of the ,

ol | ca o A e Pears. o no SaL A o ke

D R EReR0.CHa T3 (@3 < 776 FsPTiL) Arh?743' @8 2% fECTI0 A3l o °°°
5 1H, Ar-H), 7.6 (dt, J = 7.66 Hz, 1.45 Hz, 1H, Ar-H), 7.94 (dd, J = 7.8 Hz, 1.33 Hz,

1H, Ar-H), 13.2 (s, 1H, -CO21)

IR (KBr, cm-1): 3300-2700 (CO;H), 1750 (CO), 1730 (CO), 1680 (CO)
MS (m/e): 252 (M+), 220 (M+-CH30H), 188 (M+-2 x CH30H)
Anal. Calcd.: C, 57.14; H, 4.80

10 Found: C, 57.05; H; 4.78.

The following compounds were prepared in substantially the same manner as
~ that of Example 1, Step a):

(2-Carboxy-6-fluorophenyl)propanedioic Acid Dimethyl Ester

1H NMR (DMSO-dg, 400 MHz): & 3.68 [s, 6H, (-CO2Me)2], 5.79 [s, 1H, Ar-
15 CH(CO;Me)zl, 7.12 (dd, J = 10.06 Hz, 2.61 Hz, 1H, Ar-H), 7.33 (dt, J = 8.48 Hz,
2.64 Hz, 1H, Ar-H), 8.03 (dd, 8.77 Hz, 6.17 Hz, 1H, Ar-H)

IR (KBr, cm-}!): 3400-2700 (CO2H), 1730 (CO), 1680 (CO) |
MS (m/e): 270 (M+), 238 (M+-CH30H), 210 (M*+-CH30H, -C0), 151 (M*+-CH30H,
-CO, -CO,CHz)
20  Anal. Calcd.: C, 53.34; H, 4.10
Found: C, 53.36; H, 3.93
m.p. 121.5-123.0°C.

(2-Carboxy-6-chlorophenyl)propanedioic Acid Dimethyl Ester

1H NMR (DMSO-dg, 200 MHz): 8 3.69 [s, 6H, (-COz2Me)2], 5.78 [s, 1H, Ar-
25 CH(CO;Me)2l, 7.38 (d, J = 1.8 Hz, 1H, Ar-H), 7.58 (dd, J = 7.8 Hz, 1.8 Hz, 1H,
Ar-H), 7.96 (d, J = 8.2 Hz, 1H, Ar-H), 13.5 (br s, 1H, -CO2H),

IR (KBr, cmr1): 3200-2700 (CO2H), 1760 (CO), 1740 (CO), 1690 (CO)
MS (m/e): 286 (20 M+), 254 (64, M+-CH30H), 222 (60, M+-2 x CFH30H)
Anal. Caled.: C, 50.28; H, 3.87

30 Found: C, 50.40; H, 3.87
m.p. 125-127°C.
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Sci ence, 182, 1146 (1973). Such experilfents are exenplifi eglﬁwrse%ﬁf& HAS BEEN
after the listing ‘Of ’ the foll owi ng general conments plertai MERBACKD
t hese» experl ment s: (a) Four or nore groups of siIx nare

cont ol - @G%rbig%%?ﬁﬁomﬁ% %'foife“rgi?%ézﬁwyva | gy St oroue e
Laborator}/HChow Purlna) and se at 20% w W /() concentration.

unt r eat ed!H NMR @Q¥§E-d6 400 b Jak Sel4(s 1H. \hﬁrgﬂ)
gal act 08615@(3 $ubshh iy ads, fALH _glwmg@t JT-h€4Hz, 1.98 'z dlmrnh EDY %7{3@9 a diet

pr epar ed m Xi ng a | yen anount o he test corrpound W t
gal act ose-'c@rﬂ]a . The concentration of galactose in the diet of

the treated groups vvas the sane . as that for the untreated

I t f h i mal
02! Pl e L Sy sanp 20 seonmD, KBl 0 (B, 888 polr, 2, e
renoved, NS @ved 330 @QvE),R98d(MH-CHgOH)or pol yol determ nation. 20
(c) The g&l &cddeyrﬁﬁtlj cf/vﬁs per f or med by a nodi fication of the

pr ocedure Cosyns, din. Biochem, 2, 373 (1969).
Only two minor Eoea@e(ﬁﬂi’smrﬁ}é*sﬂ were made: (a) the rinsing mixture was
an aqueoug, »%nGv2gpct ri chl oroacetic acid sol ution and (b) the stock

sol ution s prepared by dissolving 25 ng of dulcitol in 100 nL of an
aqueous 25 trichloroacetic acid solution. [N B.: For each experinent the
aver age vstdfpebf)ound idenﬁoiy-ssoxe-1H-2-beﬁimmat$-cﬁeﬁoiﬁac digose diet was
subtract ed on1theh*gg Y&fg val ues found in the correspondi ng

ti ssue in gal act ose- to

The

obtain the anount of polyol accunul ated. ]

A mixture of (2-carboxyphenyl)propanedioic acid dimethyl ester (10.0 g, 39.68
mmol) and SOClz (100 g) was refluxed for 2 hours. The volatiles were removed in
vacuo and the crude product (acid chloride) was dissolved in THF (200 mL).

15 Triethylamine (27.64 ml., 198.4 mmol) was added and the mixture was stirred for 30
minutes. The yellowish suspension was poured into HCI (1N, 1000 mL), extracted
with EtOAc and the organic extracts were dried over MgS0O4. Evaporation and
crystallization from acetone/ether/hexane (after cooling to -20°C) gave a white solid
(87.6 g, 94.4%, m.p. 129-130°C).

20 IH NMR (DMSO-dg, 400 MHz):5 3.82, (s, 3H, -CO2Me), 4.03 (s, 3H, -OMe), 7.42
(t, J = 7.26 Hz, 1H, Ar-H), 7.8 (t, J = 8:2 Hz, 1H, Ar-H), 7.9 (d, J = 8.3 Hz, 1H,
Ar-H), 8.1 (d,J = 7.26 Hz, 1H, Ar-H)

IR (KBr, cm1): 1740 (CO), 1685 (CO)
MS (m/e): 234 (15, M*), 206 (38.5, M*+-CO), 203 (12, M+-OMe)
25  Anal Calcd.: C, 61.59; H. 4.30
Found: C, 61.82; H, 4.29.
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al dose reductase inhibiting effects of t he conmpounds of forn T"HS(S*)EEMI&S BEEN

al sp tested by - enploying an in_g'gt_ro testing procedurq sim R8PLAGED
that descri bed by S. Hayman and J.H Ki noshita, J. Biol. Chenr,—220;

877 (1965). res the procedure of Ha and Ki noshita
was odi 11 ed | AERRSFRE SpribRRias vER R A o B P Re 3Re mpnper 510
pr epar at i that off Example 11$tep blizyme from bovi ne | ens. The
foll owi ng tabul ated results show that the
1' - am nospj | ' -kl 4.
pyrrolidi ﬁe lﬁ%ké@%ﬁié&ﬂ%ﬁﬁ%—q ?gt ron%sb%lf?‘%tpr{lrgn|4n§%ﬂl%?xoyr{lcs h%s&dt hhéleg?%per ty
t hat they Eg active in vivo and di m ni sh the accunul ati on of
dulcitol in the I enses, sciatic nerves and di aphragm of rats fed

g?I Scltmjste.lH'INMK (OMS0-dgnded MHz)NS 3:810(sD3He pCOsEH).t 4166 mgraﬂgnomg.g,ecr ease
Secammu at 187 @h %783 Hes 1B ArEN 78 (&hd =283 e 249 He HArH 8116, m

respect i veddyJ =f 2102 tHx 6t2Hz, 1H, Ardl)s as conpared to untreated rats.

IR (KBr, cm-1): 1750 (CO), 1685 (CO)
MS (m/e): 252 (24, M), 224 (54, M*-CO)
10  Anal Calcd.: C, 57.15; H, 3.60
Found: C, 57.19; H. 3.57
m.p. 142-143°C.

6-Chloro-3-methoxy-1-0xo0-1H-2-benzopyran-4-carboxylic Acid Methyl
Ester

15 1H NMR (DMSO-Dg, 400 MHz): & 3.81 (s, 3H, -CO2CH3), 4.05 (s, 3H, -OCH3),
7.44 (dd, J = 8.56 Hz, 1.99 Hz, 1H, Ar-H), 8.06 (m, 2H, Ar-H)

IR (XBr, cm-1): 1750 (CO), 1690 (CO)
MS (m/e): 268 (34, M+), 240 (86, M+-CO)
Anal. Calcd.: C, 53.65; H, 3.38

20 Found: C, 53.59; H, 3.35
m.p. 194-195°C.

6-Bromo-3-methoxy-1-oxo-1H-2-benzopyran-4-carboxylic Acid Methyl
Ester

IH NMR (DMSO-dg, 400 MHz): & 3.81 (s, 3H, -CO2CH3), 4.05 (s, 3H, -OCH>),
25 7.6 (dd,J = 8.38 Hz, 1.77 Hz, 1H, Ar-H), 8.0 (d, J = 8.39 Hz, 1H, Ar-H), 8.23 (d,
J =195 Hz, 1H, Ar-H)

IR (KBr, cm-1): 1740 (CO), 1680 (CO)
MS (m/e): 312 (17 M+), 284 (45, M+-CO)
“Anal, Caled.: C, 46.03; H, 2.90 -
30 Found: C, 46.12; H, 2.62 This Sheet Has Been R
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. |_C| 1 =
% | nhi bi tion c % Lower 16g Gal acti t ol "THIS SHEET HAS BEEN
of Al dose Accunul ati on _ REPLACED
Reduct ase In Vivo

1 ln

In Vitro StepDese  2-{(4-BRomio-2-fluorogieaiyl}methyl]-1,2[, thre}rahydrd-q M
0,
o/ kg/ daYdioxo-{{-lfgoqulno‘(ll\xl)ecarboxyhc Acn& Methyl Ester

10

15

20

25

To a solution of 3-methoxy-1-oxo-1H-2-benzopyran-4-carboxylic acid methyl
ester (5.0 g, 21.37 mmol) in DMF (100 mL) were added 4-bromo-2-fluorobenzylamine
(4.36 g, 21.37 mmol) and Et3N (5.96 mL, 42.74 mmol). The mixture was stirred at
80°C for 30 minutes, poured into H2O (1500 mL), acidified with HCl (2N) and
extracted with EtOAc. The organic extracts were dried over MgSQO4. Evaporation and
crystallization from acetone/hexane (after coohng to -20°C) gave a white solid (7.6 g,
87.7 %, m.p. 149-150°C).

1H NMR (DMSO-dg, 400 MHz): 3 [3.67 (s), 4.0 (s), 3H, -CO2Me, tautomeric], [5.06
(qQ), J = 15.4 Hz, 5.30 (s), 2H, -NCH»-, tautomeric], 5.4 (s), 1H, CH-CO2Me,

" tautomeric], 7.07-8.43 (m, 7H, Ar-H, tautomeric)

IR (¥ 3r, cm-1): 1670 (CO), 1605 (CO)
MS . FAB): 406 (80, M++ H), 374 (40, M+ -OCH3)
Anal. Calcd.: C, 53.22; H, 3.23; N, 3.45

Found: C, 53.19; H, 2.98; N, 3.40.

The following compounds were prepared in substantially the same manner as that of

Example 1, Step c):

2-[(4-Bromo-z-fludrophenyl)methyl]-ﬁ-fluoro-1,2,3,4-tetrahydro-l,3-
dioxo-4-isoquinolinecarboxylic Acid Methyl Ester

IH NMR (DMSO-dg, 400 MHz): & 3.98 (s, 3H, -CO2CH3), 5.27 (s, 2H, -NCH2-),
7.08 (t, J =7.95 Hz, 2H, Ar-H), 7.2 (m, 1H, Ar-H), 7.34 (m, 2H, Ar-H, -OH), 7.54
(m, 1H, Ar-H), 8.1-8.26 (m, 2H, Ar-H)

IR (KBr, cm-1): 1680 (CO), 1660 (CO), 1610 (CO)
MS (m/e): 423 (M), 391 (M+-CH30H)
Anal. Calcd.: C, 50.97; H, 2.85; N, 3.30
Found: C, 50.86; H, 2.86; N, 3.33
m.p. 157-158°C.

//

en Replaced

i



97

96"

90

55

10

15

20

25

30

H

H 5 56 82 -2
F H - H 0 50.5 | [HIS SHEET HAS BEERS]
H H cocH err] -17- 20 57 REPLACED 73
H H S err] CFlerr] 55 ' NS
66 20 H Cderr]CH err] CCLlrr]CH[err 0
6NShloro-1,2304-tetrahydi®z2- methyl(l\gg m4gs%¢mqjm-) 25

carboxylic Acid Methyl Ester

IH NMR J(DMSO-dg, 200 MHz): & [3.23 (s), 3.44 (s), tautomeric, 3H, -NCHz],
[3.71 (s), 4.03 (s), tautomeric, 3H, -CO2CH3] , 7.3-8.4 (tautomeric, Ar-H, -OH, 4H)

IR (KBr, cm-1): 3440 (OH), 1680 (CO), 1600 (CO)
MS (m/e): 267 (M+), 235 M+ -OMe)
Anal. Caled.: C, 53.85; H, 3.77; N, 5.23
Found: C, 53.66; H, 3.63; N, 5.14
m.p. 166-167°C.

6-Bromo-1,2,3,4-tetrahydro-2—methyl-1,3-dioxo-44isoquinoline-
carboxylic Acid Methyl Ester

1H NMR (DMSO-dg, 400 MHz): 8 [3.2 (s), 3.42 (s), 3H, tautomeric, N-CH3], [3.7
(s), 4.01 (s), 3H, tautomeric, -CO2CH3], [5.33 (s), 1H, tautomeric, Ar-CH-], {7.5
(dd), 7.8 (dd), tautomeric, 1H, Ar-H, [8.0 (d), 8.08 (d), tautomeric, 1H, Ar-H], [8.51
(d), 7.63 (d), tautomeric, 1H, Ar-H)

IR (KBr, cm-1): 1665 (CO), 605 (CO)

MS (m/e): 311 (M¥)

Anal. Calcd.: C, 46.18; H, 3.23; N, 4.49
Found: C, 45.83; H, 2.77; N, 4.38

m.p. 190-191°C.

Step d) 2-{(4-Bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethyl-
ethyl Ester

To a suspenéion of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-
1,3-dioxo-4-isoquinolinecarboxylic acid methyl ester (4.79 g, 11.58 mmol), K2CO3
(3.19 g, 23.16 mmol) in DMF (100 mL) was added tert-butyl bromoacetate (2.81 mL,
17.37 mmol). After stirring at 75°C for 1 hour, the mixture was poured into Hz0O, )
extracted with EtOAc and dried over MgSQ4. Evaporation and purification by flash
chromatography (hexane/EtOAc 4/1) gave a clear oil (5.69 g, 94.5%).
1H NMR (DMSO-dg, 400 MHz): 8 1.04 [s, 9H, -C(CH3)3], 3.53 s, 3H, -CO2CH3),
3.60 [dd, J = 17.7 Hz, 2H, -CH»CO2(CH3)3l, 5.14 (s, 2H, NCH»-), 7.17 (1, J =

1aced
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This invention al so provides processes-fl8¢ preparing the AJHﬁOSHEfST ¢S BEEN |

forpula | or salts theréof. In particular the conpounds o - for meppabEpRY be-

prepar éd byg.as&ixf1H, er-Hyl 1.86Wdd)J = 885 Hz, latyHaj 1HgAe-H))

Lerr)  wher ghRafty £9% 2, 99 185, AETARRY, £99YEa"Y Ls.35 SRTRN L0 9(”“' a
B

_ IR (CHCI3, cm!): 1720 (CO), 1675 (CO)
5  MS (m/e): 520 (M + H)*, 464 [M*+-C(CH3)3].

The following compounds were prepared in substantially the same manner as
that of Example 1, Step d):

2.[(4-Bromo-2-fluorophenyl)methyl}-6-fluoro-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid 1,I1-
10 Dimethylethyl Ester

1H NMR (DMSO-dg, 200 MHz): 3 1.10 (s, 9H, -CMe3), 3.55 (s, 3H, -CO,CH3),

3.62 (d, J = 17.5 Hz, 1H, -CH2C0O2CMe3), 3.75 (d, J = 17.5 Hz, 1H,

-CH2CO2CMe3), 5.15 (s, 2H, -NCH>-), 7.15 (t, J = 8.2 Hz, 1H, Ar-H), 735 d, ] =

8.2 Hz, 1H, Ar-H), 7.45-7.70 (m, 3H, Ar-H), 8.38 (dd, J = 8.16 Hz, 5.70 Hz, 1H,
15 ArH

IR (KBr, cm-1): 1750 (CO), 1720 (CO), 1675 (CO)
MS (m/e): 538 (M + H)*, 481 (M+ + H-CMe3)
Anal. Calcd.: C, 53.55; H, 4.12; N, 2.60

Found: C, 53.49; H, 4.00; N, 2.63.

20 6-Chloro-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-2-methyl-1,3-dioxo-
4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

1H NMR (DMSO-dg, 200 MHz): § 1.06 (s, 9H, -CO2CMe3), 3.3 (s, 3H, -NCH3),

3.6 (s, 3H, -CO2CH3), 3.67 (g, J = 17.5 Hz, 2H, -CH>C0O2CMe3), 7.68 (dd, J = 9.0

Hz, 1.6 Hz, 1H, Ar-H), 7.77 (d, J = 2.0 Hz, 1H, Ar-H), 8.21 (d, J = 8.2 Hz, 1H,
25 ArH

IR (KBr, cm-1): 1740 (CO), 1720 (CO), 1680 (CO)
MS (m/e): 381 (M*)
Anal. Calcd.: C, 56.82; H, 5.28; N, 3.67
. Found: C, 57.00; H, 5.41; N, 3.66
30 mp. 135-136°C.



or an activated formthereof wherein CJerr]Rerr] is an er _fupction,
e.g. afkyl ester such ds the methyl ester, and Rerr], R rTHSMER[fﬂgrB,f:EN
a By T

aré’‘as defined above to give a correspo ng conpound of fornul:
desired where possible isolating as a salt, or b) acyteat EEgpLﬁA%
compound of fornmula | wherein one of R4 and R5 is hydro the other is

sel ected f r@Bromoeokdid,4+tetrahydroy-(mathpxpearhonyl) A Eghlﬂ'—%q’w-an
acyl ating az{lﬁéeﬂqg;& Bfihesletiz %lék&omlmﬁaﬂyﬁmylsm[sgém]yl ating agents)
rr

cont ai ni ng roup
1H NMR (DMSO-dg, 200 MHz): 31.05(s,9H,-C(CH3)3].3.28 (s,3H,-
NCH3),3.59(s,3H, -CO2CH3), 3.58 (d, J = 17.03 Hz, 1H, -CH>CO32-), 3.67 (d,J =
5 17.03 Hz, 1H, -CH2CO2-), 7.81 (dd, J = 8.4 Hz, 1.85 Hz, 1H, Ar-H), 7.88 (d,J =
1.81 Hz, 1H, Ar-H), 8.08 (d, J = 8.4 Hz, 1H, Ar-B)

T

IR (KBr, cm-1): 1740 (CO), 1710 (CO), 1670 (CO)
MS (mf/e): 425 (M*), 370 M+ -C4H7), 352 (M+-C4HoO)
Anal. Caled.: AC, 50.72; H, 4.73; N, 3.29
10 Found: C, 50.47; H, 4.68; N, 3.12
m.p. 152-153°C.

Step e) 2-[(4-Bromo-z-ﬂuorophenyl)methyl]-l,2,3,4,-tetrahydro-
4-(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

A mixture of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-
15 (methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid 1,1-dimethylethyl ester (5.19
g, 9.81 mmol), CH2Cl2 (100 mL) and CF3CO2H (20 mL) was stirred at room
temperature for 5 hours. The volatiles were removed in vacuo and the residue was
purified by flash chromatography on acid washed silica gel (5% H3PO4 in MeOH), to

give a white solid (4.12 g, 90.5%, m.p. 139-140°C).

20 1H NMR (DMSO-dg, 400 MHz): & 3.54 (s, 3H, CO2CH3), 3.64 (q, ] = 17.67 Hz,
2H, CH,CO>H), 5.12 (q, J = 15.34 Hz, 2H, -NCH>-), 7.14 (1, ] = 8.22 Hz, 1H, Ar-
H), 7.3 (d, J = 8.3 Hz, 1H, Ar-H), 7.5-7.6 (m, 3H, Ar-H), 7.76 (d, J = 7.4 Hz, 1H,
Ar-H), 8.16 (d, J = 7.8 Hz, 1H, Ar-H), 12.35 (s, 1H, -CO2H)

IR (KBr, cm-1): 3280 (OH), 3200-2700 (COzH), 1750 (CO), 1720 (CO), 1675 (CO)
25 MS (m/e): 463 (M*), 445 (M+-H, -OH)
Anal. Calcd.: C, 51.28; H, 3.30; N, 2.99
Found: C, 51.26; H, 3.48; N, 2.95.
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-O- where Rl err] is alkyl, nips. 1 or 2 and R err ..
aryl or nis 2 - and Rlerr] is trifluoromethyl, to give ﬂﬂémkﬁ gF%
¢ofmpotind of formula | wherein Rerr] is hydrogen, 4dlkyl, EQr aryl

(loweral kyl) — ped ﬂn Ichinpb &@Medxﬁ'sh@&ﬁﬂb%)&hme%ﬁbﬁ&ﬂﬁ&xy,

arylsulfoxy, IfonyI aryl sul fonyl or trifluoronethylsul fonyl or

Rl err] an@fE xamph[lelsi/qp ‘?gre bot h al koxycar bonyl, al kanoyl, al kyl sul f oxy,

aryl sul f oxy, '
2-[(4-Bromo-2-fluorophenyl)methyl]-6-fluoro-1,2,3,4-tetrahydro-4-

(methoxy- carbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

5 1H NMR (DMSO-dg, 400 MHz): 3 3.56 (s, 3H, -CO2CH3),3.6(d,J = 17.9 Hz, 1H,
-CH,CO7H), 3.8 d, J = 17.9 Hz, 1H, -CH,CO2H), 5.1 (dd, J = 15.5 Hz, 2H,
-NCH»-), 7.12 (s, J = 8.23 Hz, 1H, Ar-H), 7.31 (dd, J = 8.28 Hz, 1.68 Hz, 1H, Ar-
H), 7.45 (dt, J = 8.56 Hz, 2.5 Hz, 1H, Ar-H), 7.54 (dd, J = 9.77 Hz, 1.89 Hz, 1H,
Ar-H), 7.64 (dd, J = 9.61 Hz, 2.46 Hz, 1H, Ar-H), 8.23 (dd, J = 8.79 Hz, 5.81 Hz,

10 1H, Ar-H), 12.67 (br s, 1H, -COzH)

IR (KBr, cm-1): 3400-2700 (CO2H), 1745 (CO), 1710 (CO), 1670 (CO)
MS (mf/e): 481 (M+), 405 (M+-CO,, -CH30H)
Anal. Caled.: C, 49.81; H, 2.93; N, 2.90
Found: C, 49.94; H, 3.03; N, 2.84
15 mp. 132-133.5°C.

6-Chloro-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-2-methyl-1,3-dioxo-
4-isoquinolineacetic Acid

IH NMR (DMSO-dg, 200 MHz): & 3.27 (s, 3H, -CH3), 3.59 (s, 3H, -CO2CH3), 3.64
(g. I = 17.5 Hz, 2H, -CH>CO,H), 7.65 (dd, J = 8.6 Hz, 2.0 Hz, 1H, Ar-H), 7.78 (4,
20 J=2.0Hz, 1H, Ar-H), 8.18 (d, ] = 8.0 Hz, 1H, Ar-H)

IR (KBr, cm-1): 3440 (OH), 3200-2700 (CO2H), 1750 (CO), 1710 (CO), 1675 (CO)
MS (m/e): 325 (M+)
Anal. Calcd.: C, 51.63; H, 3.71; N, 4.30
Found: C, 51.73; H, 2.70; N, 4.28
25 m.p. 195-196°C.

6-Bromo-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-2-methyl-1,3-dioxo-
4-isoquinolineacetic Acid

1H NMR (DMSO-dg, 200 MHz): & 3.26 (s, 3H, N-CH3), 3.53 (d, J = 17.2 Hz, 1H,
-CH5H), 3.58 (s, 3H, -CO2CH3), 3.74 (d, J = 17.2 Hz, 1H, -CH2CO2H), 7.77 (dd,

S
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al kyl'sul fonyl, arylsul fonyl or trifluoronethylsulfonyl. t
regard to process a) tHe acylation may be carried out usi JH{%éH IAéi\eﬁgy EECN

acid of formula XIV and a coupli ng agerld -such as a carbodiin dB

di cycl ohexyl carbodiimide. Alternatively the carboxylic acid group may be in
activated 1D= 8.2dan2%2 §iz, dH, Ar-Hhi T8 h&.iJde 22Uk, Y, Andd)c Bl (d,de= 812 Bzoni de,

or an anhydfjydg 'izfiﬁ 2 1H @E)ed anhydride. Processes for preparing
conmpounds ogﬁf of%c ¢ are scrl bed in Publ i cati on No. GB 2224734

and EP Publ c [oce b

exanpl esuof IR a%pagg%%@% B3GR Il%]&{ lg(’é (Céﬁhydflsde)s e.g.

conpounds oM I%glﬁvp—orjz@@wi COgRPCO) [err] O, Rerr]S(Oferr]hal, 15
err err such as d COOR err].

ﬁ/ﬁl[tl p} A P%ﬂl% Ee&i?d]rr%' #145;?#3;(:%3&1@?%9 a stoichionetric ]excess of

acyl at i ng dépmnd: €nd5.047 H, ¥1GNpi62acyl ati ng condi ti ons.

Preferred I’&LH qg&@see'rrpounds of the invention are shown in the process
bel ow: - ) -

Step f) 1'-Amino-2-{(4-bromo-2-
fluorophenyl)methyl]spiro[isoquinoline-4(1H),3'-pyrrolidine]-
10 1,2'.3,5'(2H)-tetrone

To a solution of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-

(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid (2.5 g, 5.39 mmol) in DMF

(60 mL) were added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

(DCC, 1.34 g, 7.0 mmol) and 1-hydroxybenzotriazole hydrate (HOBT, 1.09 g, 8.08

15 mmol). After stirring for 2 hours, anhydrous hydrazine (0.22 mL, 7.0 mmol) was

added dropwise, followed by Et3N (1.5 mL, 10.77 mmol) addition. The mixture was

stirred for 30 minutes, poured into HyO, neutralized with HCl (2N) and extracted with

EtOAc. The organic extracts were dried over MgSQ4. Evaporation and purification by

flash chromatography (hexane/EtOAc 1:1) and subsequent crystallization from

20 ether/hexane (after cooling to -20°C) gave a white solid (1.68 g, 70.0%, m.p. 95-
97°C).

1H NMR (DMSO-ds, 400 MHz): & 3.33 (d, J = 18.2 Hz, 1H, -HCHCO-), 3.51 (4, J
= 18.2 Hz, 1H, -HCHCO-), 5.07 (s, 2H, -NCH>-), 5.23 (s, 2H, -NH>3), 7.17 (1, ] =
8.3 Hz, 1H, Ar-H), 7.33 (dd, T = 8.3 Hz, 1.7 Hz, 1H, Ar-H), 7.54 (m, 2H, Ar-H),

25  7.63 (t,J = 8.51 Hz, 1H, Ar-H), 7.79 (dt, J = 8.7 Hz, 1.25 Hz, 1H, Ar-H), 8.18 (dd,
J =7.7 Hz, 125 Hz, 1H, Ar-H) |

IR (KBr cm-1): 3340 (NH), 1720 (C=0), 1670 (C=0)
MS (m/e): 445(4, M)
Anal. Caled.: C, 51.14; H, 2.94; N, 9.42

30 Found: C, 51.04; H, 2.94; N, 9.30.

//II/I///III/////I/I//il7°”
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1' -am nospirofi soqui nol’i ne-4(1H), 3' - py‘rp-m idine]-1,2",3,5

The Process: The ' THIS SHEET HAS BEEIf\l‘

(2H) - REPLAGEDES ©

thé present invention were prepared by the followi ng reaction Schemre:

[err]

10

15

20

25

The following compound was prepared in substantally the same manner as that
of Example 1, Step f)

1'-Amino-2-[(4-bromo-2-fluorophenyl)methyl}-6-fluorospiro[iso-
quinoline-4(1H),3'-pyrrolidinel- ; ,2',3,5'(2ZH)-tetrone

IH NMR (DMSO-dg, 400 MHz): 3 3.42 (g, J = 18.2 Hz, 2H, -CH2CO-), 5.05 (s,
2H, -NCH»-), 5.18 (s, 2H, -NH»), 7.15 (1, J = 8.3 Hz, 1H, Ar-H), 7.33 (dd, J = 8.1
Hz, 1.66 Hz, 1H, Ar-H), 7.49 (dt, J = 8.5 Hz, 2.29 Hz, 1H, Ar-H), 7.55 (dd, J =
9.96 Hz, 1.87 Hz, 1H, Ar-H), 7.6 (dd, J = 9.75 Hz, 2.49 Hz, 1H, Ar-H), 8.24 (dd,
J= 8.9 Hz, 5.8 Hz, 1H, Ar-H) :

IR (KBr, cm-1): 3350 (NH), 3280 (NH), 1730 (C=0), 1710 (C=0), 1670 (C=0)
MS (m/e): 463 (94 M*)

Anal. Calcd.: C, 49.16; H, 2.61; N, 9.05
Found: C, 49.19; H, 2.66; N, 8.96
m.p. 232-234°C.

EXAMPLE 2

N-[2-[(4-Bromo-2-fluorophenyl)methyl}-2,3-dihydro-1,2',3,5'-
tetraoxospiro-[isoquinoline-4(1H),3'-pyrrolidin]-1'-yl]-
iminodicarbonic Acid Dimethyl Ester

To a cold (0°C) solution of 1'-amino-2-{(4-bromo-2-fluorophenyl)methyl]spiro-
[isoquinoline-4(1H),3"-pyrrolidine}-1,2',3,5'(2H)-tetrone (2.0 g, 4.48 mmol) in THF
(50 mL) was added EtzN (3.12 mL, 22.4 mmol) followed by dropwise addition of
methyl chloroformate (1.04 mL, 13.44 mmol). After stirring for 30 minutes, the
mixture was poured into H>0, acidified with HC1 (2N) and extracted with EtOAc. The
organic extracts were dried over MgSO4. Evaporation and purification by flash

chromatography on silica gel (hexane/EtOAc 2:1) gave a white solid (2.1 g, 83.3%,-

m.p. 214-216°C).

m g
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IH NMR . (DMSO-dg, 400 MHz): 3 3.74 (s, 3H,-CO2CH3),3.76 (d, J =18.9 Hz, 1H,
-HCHCO-), 3.81 (d, J = 18.9 Hz, 1H, -HCHCO-), 3.83 (s, 3H, -CO2CH3), 5.1 (s,
2H, -NCH>-), 7.18 (1, J = 8.1 Hz, 1H, Ar-H), 7.34 (dd, J = 8.3 Hz, 1.87 Hz, 1H,
Ar-H), 7.56 (m, 2H, Ar-H), 7.68 (t,J = 7.47 Hz, 1H, Ar-H), 7.86 (dt, J = 7.68 Hz,
1.45 Hz, 1H, Ar-H), 8.21 (dd, J =7.88 Hz, 1.25 Hz, 1H, Ar-H)

IR (KBr, corl): 1810 (C=0), 1745 (C=0), 1670 (C=0)
MS (m/e): 561 (50, M*) |
Anal. Caled.: C, 49.13; H, 3.05; N, 747

Found: C, 49.33; H, 3.22; N, 7.26.

EXAMPLE 3

N-[2-[(4-Bfomo-z-fluorophenyl)methyl]-2,3;dihydro-1,2',3,5 '-tetra
oxospiro-{isoquinoline-4(1H),3'-pyrrolidin]-1'-yl]Jacetamide

A mixture of 1'-amino-2-{(4-bromo-2-fluorophenyl)methyl]spirofisoquinoline-
4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone (2.0 g, 4.48 mmol) and acetic anhydride
(20 mL) was stirred at 70°C for 30 minutes. The volatiles were removed in vacuo and
the residue was purified by flash chromatography on silica gel (hexane/EtOAc 1:1) to
give a white solid (1.91 g, 87.3%, m.p. 219-221°C).

1H NMR (DMSO-dg, 400 MHz): & 1.98 (s, 3H, -COCH3), 3.5 (d, ] = 18.9 Hz, 1H,

-HCHCO-), 3.7 (d, J = 18.9 Hz, 1H, -HCHCO-), 5.09 (dd, J = 16.2 Hz, 2H, -CH»-

N), 7.17 (t, ] = 8.3 Hz, 1H, Ar-H), 7.35 (d, J = 7.9 Hz, 1H, Ar-H), 7.56 (m, 2H,
Ar-H), 7.65 (t, J = 7.68 Hz, 1H, Ar-H), 7.84 (dt, J = 7.68 Hz, 1.25 Hz, 1H, Ar-H),
8.17 (dd, J = 7.88 Hz, 1.25 Hz, 1H, Ar-H), 10.95 (s, 1H, -NHCOCH3)

IR (KBr, corl): 3240 (NH), 1740 (C=0), 1700 (C=0), 1660 (C=0)

MS (m/e): 487 (54 M), 387 (100, M+-CONNHCOCHS3)

Anal. Calcd.: C, 51.66; H, 3.10; N, 8.61
Found: C, 51.46; H, 3.12; N, 8.54.
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wherein Rl is halogen or hydrogen and_Bﬁerr] Is a disubstituted aral kyl. -

F O )

EXAMPLE 4

N-[2-[(4-Bromo-2-fluorophenyl)methyl]-2,3-dihydro-1,2',3,5°'-
tetraoxospiro- [isoquinoline-4(1H),3'-pyrrolidin]-1'-yl]-1,1,1-
' trifluoromethanesulfonamide

5 To a cold (0°C) solution of 1'-amino-2-[(4-bromo-2-fluorophenyl)methyi}spiro-
[isoquinoline-4(1H),3"-pyrrolidine}-1,2',3,5'(2H)-tetrone (2.0 g, 4.48 mmol) in
anhydrous CH>Cly was added Et3N (3.12 mL, 22.4 mmol), followed by dropwise
additon.of (CF3S02)20 (2.26 mL, 13.44 mmol). After stirring for 30 minutes the
mixture was poured into H20, acidified with HC] (2N) and extracted with EtOAc.

10 Evaporation and puriﬁcatibn by flash chromatography, on acid washed silica gel
(hexane/EtOAc 1:1) gave a yeliow solid (1.1 g, 42.5%, m.p. 98-100°C).

1H NMR (DMSO-dg, 400 MHz): § 3.29 (d, J = 18.5 Hz, 1H, -HCHCO-),3.5(d,J =
18.5 Hz, 1H, -HCHCO-), 5.07 (s, 2H, -NCH>-), 7.18 (t, J = 8.1 Hz, 1H, Ar-H),
7.32 (dd, J = 8.3 Hz, 1.87 Hz, 1H, Ar-H), 7.38 d, J = 7.88 Hz, 1H, Ar-H),7.53 (dd,

15 J=9.96 Hz, 2.07 Hz, 1H, Ar-H), 7.62 (t, ] = 8.5 Hz, 1H, Ar-H), 7.78 (dt, T = 7.9
Hz, 1.25 Hz, 1H, Ar-H), 8.15 (dd, J = 7.9 Hz, 1.25 Hz, 1H, Ar-H)

IR (KBr, cm-1): 3400 (NH), 1750 (C=0), 1670 (C=0)
MS (m/e): 577 (94, M), 387 (60, M* -CONNHSO,CF3)

Anal. Caled.: C, 41.54; H, 2.09; N, 7.27
20 Found: C, 41.20; H, 2.03; N, 7.19."
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Step a) Reacting. ei ther 2-bronobenzoic acid or 2-chlorgbenzoic acid of
formuta (Il —wheretrnRrer+r]—is—as defhboed above with di N }
RaH'i h the preiﬂmmmﬂl ﬂml lu ic am)%%t of CuBr to prod czmtsh%?éﬁ ﬁA§B%
propanedi oi ¢ a¢ Hu B F of formula (1V) wherein Res] iEELAA‘sED
defined above. * ¢ ' " 5 * The 2-bronpbenzoic acids or 2-chlorobenzoic
acids of formula (111) required. for GlhAlMSsent invention are commercially
avai | abl e conpounds or can be prepared by known nethods. Step b) The
propanedi oi ¢ acid dinmethyl ester of fornula (1V) can be reacted with

t hi onyl chWerclag: under refluxing conditions to produce the corresponding
acid chloride which upon treatnent with Et[err]Nin a conventional solvent
whi ch does,_ not adversely . influence.the.reaction, for exanple,
tetrahydro]ﬁuran'?‘h"c%‘?ﬁ“liﬂ%ﬂ% Wﬁéﬂ%ﬁﬁ?of formula (V), wherein Rlerr] is
as defined above. Step c) The compound of forrmula (V), wherein R err]

I s as defined above, is

R4

S  wherein:

R! and R? are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl or aryl (lower alkyl) oxy wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms;

10 R3 is lower alkyl containing 1 to 6 carbon atoms, aryl, aryl (lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains 6 to 10
carbon atoms and lower alkyl contains 1 to 6 carbon atoms;

R4 and RS are independently hydrogen, alkyl containing 1 to 6 carbon atoms,

aryl or aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms

15 and lower alkyl contains 1 to 6 carbon atoms, acyl, carboalkoxy,
alkylsulfoxy, arylsulfoxy, alkylsulfonyl, or arylsulfonyl and the

pharmaceutically acceptable salts thereof when R4 and R3 are hydrogen,

alkyl or aryl.

"




reacted with Rlerr]-NHerr] in the pregénce of Et3Nin a co
sol vent whi ch does’not "adversely influence the reaction,
produces the corrpound of the fornmula (VI),

ventl

' THIS SHEET HAS- BEEN
PIACER

A

wherein R[err] and R[err] are as

defi ned a wher ei n err
and R[e”] ve. TiY &Rofdund gﬁﬁgngmmﬂopéﬂcammym Rerr]

pot assi um carbonate in a conventlonal sol vept which does not adversely

i nfl ummw?mr;or exanmpl e, N, N d¢inmethyl formam de and subsequent
additio mg’ br om)acet ate pr, duces t he conpound of fornula
U[ﬂ, Rl err]

(VI1),

corrpound *of € f oy
can be reacted with an organic acid{such
conventional solvent which do&d, not
exanpl e, met hyl ene chl oride, tE r
s

wherein R err]

of formula (VIIl1), wherein R e
reacted with a coupling agentR

5 3
4.
10 S.
6.
15
7.

Is reacted with an inorganic base such as

mhereln
trifluoroacetic acid in a
rsq&y | pffy uence the reaction,

and R err] are

- (3-¥1 et hyl am nopr opyl ) - 3-

wherein R1 and R2 are hydrogen or halogen, R3 is a dihalogen substituted
benzyl, R4 and R3 are hydrogen, acyl, carboalkoxy or triflucromethylsulfonyl.

The compound according to claim 2 1'-amino-2-[(4-bromo-2-fluorophenyl)-
methyl]spiro[isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrone.

The compound according to claim 2 1'-amino-2-{(4-bromo-2-fluorophenyl)-
methyl]-6-fluorospiro[isoquinoline-4(1H),3'-pyrrolidine}-1,2',3,5'(2H)-
tetrone.

The compound according to claim 2 N-[2-[(4-bromo-2-flucrophenyl)methyl]-
2,3-dihydro-1,2',3,5'-tetraoxospiro[isoquinoline-4(1H),3'-pyrrolidin]-1'-
yl]iminodicarbonic acid dimethyl ester.

The compound é.ccording toclaim2 N-[2-{(4-bromo-2-flucrophenyl)methyl]--

2,3-dihydro-1,2',3,5'-tetraoxospiro[isoquinoline-4(1H),3"-pyrrolidin]-1'-yl}-
acetamide.

The compound according to claim 2 N-[2-{(4-bromo-2-fluorophenyl)methyl]-
2,3-dihydro-1,2',3,5'-tetraoxospirofisoquinoline-4(1H),3'-pyrrolidin]-1*-yl]-
1,1, l-u'iﬂuoromethansulfona_mide.

r"‘_’——/—————— .
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. conmpound of fornmula (VIII)
defli ned jabove. Step f) The conpound
My ], are as defined above, can be

as_defin&d above. Step e) The
and R err] are as defined above,

for



-12- €t hyI car bodi i mi de (DCC )/ 1-hydr oxybenzonmazol e ( HOBR—in-a conven
whi ch »doe,s not adversefy influence the . reaction, for exarffi'lls SHEER-HAS BEEN.
o) net‘hyI}.anam de, and subsequent addition of hydrazi ne jand E1R§]t~{_/m@[30ducet
the conpbfind of formul'a (1X), wherein Rlerr] and R err] ‘are—as—de %
above. Step g) . The conpound.of fornmula (I1X), wherein R err] “ard Q%rr]
are as defined above can be reacted with nethyl chloroformate in the
presence of Et[err]N in a conventional solvgnt which dnes not adversely
influence the reaction, for exanple, tetrahydrofuran, to produce the
conpound of formula (X), wherein R err] and R err] are as defined above.

Step h) The conmpound of formula (Im Rlerr] and R err] are as
t

defi ned above, can be reacted with ace de at 70[err]C, to pr oduce
.;Bgvg?rrpound of for mJJI‘(%s (mve)nhon e atgls rt]o _er rxJosSir”o?is&ExL&’ine%&H?% —gyeg'clah ine]-
1,2',3,5'(2H)-tetrones and their pharmaceutically acceptable salts thereof, 1o processes
for their preparation, 10 methods for using the compounds, and to pharmaceutical
5 preparations thereof. The compounds have pharmaceutical properties which render
them beneficial for the prevention or treatment of diabetes mellitus associated
complications.

-
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Step i)  The conpound of fornula AT
defired:-above, can be reacted w {Rutg i5H 0 2
t he prefsence of Et[err]Nin a co ventlggﬂ_AGEBI ven
i nfluence.the reaction, for exanile yiene chl ori de,
compound of formula (XIl1), wherein Rerr]Jtand Rlerr] are ag
The foll owi ng exanpl es further Illustrate this invention:

EﬁwbPLg 1pyrréi i di ne] - %IN@LQN@QHHWM N
(2- Car boxyphenyl ) prlb a%@d(-éﬂ:%éf% WDEA@L GS TH%R&:QEpl d%%gg "7
stirred col d suspensiUSEFficAS ALDOSE IREDUETASE INHIBITORS 9. 1

mmol ), cuprous bromide (2.14 g, 14.93 mml) and dinethyl nalonate (SO_QC(HD

was added NaH (80%in mneral oil, 10.5 g, 358.37 mmol) over a 30 ni nute
period, while a streamof dry Nmrck 4 of dededermioar t he m xture. Aftepﬁ
~addition of the NaH had been conpleted, the mxture was stirred for

mnutes- at room LERRSLALHG relates to 1'-arninospiro[isoquinolinc-4(1H).3'-pyrrolidme]-
' 1,2',3,5'(2H)-tetrones and their phaxmgceutically acceptable salts thereof, to processes
for their preparation, to methods for using the compounds, and to pharmaceutical

Rl err]

prcparations thereof. The compoﬁnds have pharmaceutical properties which render
them beneficial for the prcvcnnon or zrcarmcnt of complications associated with diabetes
mellitus.

The use of insulin and/or oral hypoglycemic agents in the reamment of diabetes
mellims has prolonged the life of many of these patients. However, their use has not '
had a demonstrable impact on the development of diabetic complications such as
neuropathy, nephropathy, retinopathy, cataracts and vascular disease which accompany
the underlying metabolic disorder. There is little question that chronic hyperglycemia
plays a major role in the genesis of these complications, and that complete -
normalization of blood glucose would likely prevent most if not all complicaﬁons. For
a number of reasons, though, chronic normalization of blood glucose has not been
achieved with the currently available therapies.

The long-term complications of diabetes develop in tissues where glucose
uptake is independent of insulin. In these tissues, which include the lens, retina,
kidney and peripheral nerves, the systemic hyperglycerma of diabetes is rapldly
transposed into high tissular concentrations of glucose “In all of thesc ussues this
excess glucose is rapidly metabolized by the sorbitol pathway The intense diabetes- -
induced flux of glucose through this pathway appears to.initiate a cascade of
biochemical alterations which slowiy progress to cell dysfunction and structural
damage. Aldose reductase, the key enzyme in the sorbitol pathway, reduces glucose to
sorbitol at the expense of the cofactor NADPH. In animal models of diabetes,
compounds which inhibit aldose reductase have been shown to prevent the-
biochemical, functional and morphological changes induced by hyperglycemia. Early
studies by J. H. Kinoshita and collaborators implicated aldose reductase in the etiology
of diabetic cataracts. More recent studies have provided compelling evidence that

aldose reductase also plays a significant role in the initiation of diabetic nephropathy,
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nper at ur e) FeEPmbEmwsmEET

was di ssofv r—t-e O
h-Hi et hyl et he )
_ - re was extractediw tﬁﬁ@q%

dried over MgSg err]. Evaporation gave '

-13 - off-white solid which was recrystallized from Et[er ] O hexant (after -
coollngto-ZO[err]Cto gi ve a solid (34.2 map-—éég—-l—z-e-e———
[err]H NVRIEENORE chw ‘?’é?‘?ft%'lsﬂ%cgw-m 16, 1989; Robison et
- CH( CQ er r hiCithesst] ﬂﬁﬁlrhol Yid.25dis 30, 2283, @%@Wewekmmemrs&x}i emaﬂadxes ?63 (d,
J:776$001t§_f\r 7.45 (dt, J = 7.66 Hz, 1.12 Hz, 1H, 6 (dt,
~J =7.66 113% ,1HArH),794(dd_J:78Hz_133Hz 1HArH)
13.2 (s, 1H, -CJerr]H o '
. ProrArt

The closest prior art is Malamas U.S. Patent 4,927,831, May 22, 1990, which
discloses the spiro-isoquinoline-pyrrolidine tetrones of formula

and 30 mnutes at 70[err]C (external | ,{;
the suspension had turned to a8 ‘
(1000 an._The_aqueous | ayer wa

®Rlis hydrogen or fluorine)

useful as aldose reductase mhxbltors for treating comphcanons of diabetes and
galactosemia.
s f Invend
The 1'-aminospirofisoquinoline-4(1H), 3'-pyrrolidine]-1,2' .3,5'(21—1)-tch'oncs

of the present invention are rcprcsentcd by formula (T):
R‘

wherein:

R! and R? are independently hydrogen, alkyl containing 1 to 6 carbon atorns,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl or aryl (lower alkyl) oxy wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms; _

I
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IR (KBr, cnferr]): 3300-2700 (CJerr
(nit(a)-: 252n{(|\/[e]rZ]), 220 (M er %gmsa&

N—

(iv[ér??? (C%&ﬁ%"(r\i@ﬁm_ -

Anal . Calcd.: C 57.14; H 4.8 Foend: C_157.05; H
The foll ow ng conpounds were pr ' ntially thel s rrﬂmemés
that of Exanple 1, Step a): (2-Carboxy:#%:fl uorophenyl ) propahedi oic Acid

D methyl Ester [err]H NVR (DMSO-d[err], 400 WHz): [err] 3163 T[S, 6H,
(-Cerr]Mme)[err]], 5.79 [s, 1H, Ar- CH(COJerr]Me)[err]], V.12 (dd 1 =

200 (o & oy 18 ETeder o foriolel *#&ce%aﬂ%t*ﬁ S S bty &
(CerrlH, 1730 (CO) [dihdegen substived (anylefoweraikyl 3 aryl3gntains 6 to 10

' Corert] E;L[O'S? e e e k! ‘%3%8*‘%%‘5”%?3%? o

53.36: H, 3.93 : grein mgdcmly hydrogen, alkyl containing 1 to 6 carbon atoms,
aryl or aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms and
lower alkyl contains 1 to 6 carbon atoms, alkanoyl of 2 to 5 carbon
atoms, carboalkoxy, alkylsulfoxy, arylsulfoxy, alkylsulfonyl, mﬂuoro-
methylsulfonyl, arylsulfonyl or R4 and RS are joined to form a

- heterocyclic ring of 5 to 7 ring atoms including the nitrogen atom to
which they are joined, and pharmaceutically acceptable sa.lts thereof
when R4 and RS are hydrogen, alkyl or aryl.

_ A more preferred group of compounds of the prescnt invendon is represented
by formula ()’ - -

. o

wherein R1 and R2 are hydrogen or halogen, R3 is a dihalogen substituted benzyl, R
and R3 are hydrogen, acyl, carboalkoxy or trifluoromethanesulfonyl.

The most preferred compounds of the present invention are set forth below:

1'- ammo-Z-[(4-bromo-2-ﬂuorophe.nyl)mcthyl]spn'o[xsoqumohne-4(IH) 3-
pyrrohdmc] -1,2',3,5'(2H)-tetrone;

1'-amino-2-{(4-bromo-2-flucrophenyl)methyl}-6-flucrospiro[isoquinoline-4(1H), 3'-
pyrrolidine]-1,2',3,5'(2H)-tetrone;

N-[2-[(4-bromo-2-fluorophenyl)methyl]-2,3-dihydro-1,2',3,5"-tetraoxospiro[iso- _
quinoline-4(1H),3"-pyrrolidin]}-1"-yl}iminodicarbonic acid dimethyl ester;

This Sheet Has Been Rep.
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(2- Car boxy- 6- chl or ophenyl ) propanedi oi c
(DVS@®- d[egr], 200 MHz): [err]
Ar- CH COerr]Me)[err]], 7.38
Hz, 1.8 Hz, 1H, Ar-H), 7.96 (d,

-CJerr]H IR (KBr, cnferr]): 3200- 279@(0({err]|—|), 1760 (

hyl Ester [@Pﬁﬁﬁw SHEET

Jﬁ% BﬂEEﬁ *HAS( BEEf{

l = 2 1::,

r-H, 135

rr]Me)[errf]}y 5.78 [s,
- Ar-H), 7.58| (o oET=-1968
bfy s, 1H,

1H,

1690 (CO) NS (me): 286 (20 Merr]), 254 (64, Merr]-CHerrj OH), 222 (60,,

Merr]-
50. 40; H
-14-

-@'J[{@!l’-tlirbﬁi)"-ﬂﬁ&ionhﬁ&}lndc.hYW-.Eﬂlm:o-H- ,3.53Teraoxospiroltsoana.
aumo{mc--ll?l H)l.‘izgfavxl-%ﬁie'i ll-Cl]acct:umdc and

N-{2-[(4-bromo-2- fluorophc'xyl)mc:hyll-?..3-d1hvcro-1.2'.3 5'-tc:moxospxro[1so-
quinoline-4(1H),3'-pyrrolidin]-1'-yl}-1,1.1- trifluoromethanesulfonamide.

The compounds of formula (I) all possess Jt least one asyrnmctnc carbon atom,
namely the spiro carbon atom at position 3’ of the pyrrolidine ring. The compounds of
formula (I) therefore exist, and may be isolated, in two or more sterecisomeric forms.
This invention encompasses the compounds of formula (D) in racemic form or in any
opncally active form.

The l'-amxnospxro[xsoqumohne-4(1H).3'-pyrrohdmc] 1... .3.5'(2H)-tetrones
can be prcpared by the processes described hereinafter.

A method is provided for preventing or relieving diabetes mellitus associated
complications in a diabetic mammal by administering to said mammal a prophylactic or
alleviating amount of the compounds of formula (I). Such complications include

neuropathy, nephropathy, retinopathy, keratopathy, diabetic uveits, cataracts and -

limited joint mobility.

The compounds of formula (I), when admixed with a pharmaceutically

acceptable carrier, form a pharmaceutical composition which can be used according to
the preceding method.

The I'-aminospiro{isoquinoline-4(1H),3"-pyrrolidine]-1,2'3,5'(2H)-tetrones of
this invention may be administered to mammals, for example, man, cattle, or rabbits,

either alone or in dosage forms, ie., capsules or tablets, combined with pharmaco-
logically acceptable excipients.

The compounds of this invention may be given orally. However, the method of
administering the present active ingredients of this invention is not to be construed as
limited to a particular mode of administration. For example, the compounds may be

G

administered topically directly to the eye in the form of drops of sterile, buffered .

ophthalmic solutions, preferably of pH 7.2-7.6. Also, they may be administered orally
in solid form containing such excipients as starch, milk sugar, certain types of clay and
so forth. They may also be administered orally in the form of solutions or they may be
injected parenterally. For parenteral administration, they may be used in the form of 2
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(2- Car boxy- 6- br onophenyl ) pr opaned

J1 Est | ; -
(DVBO- d[eEr], 400 Miz): [err] 3. eﬁfﬁs T AASBERN cni[gr]g rﬁé#ﬂﬁ%&yﬁwm

(s, IH Ar-CH), 7.5 (d, J = 2.02
Hz, 1H, Ar-H), 7.87 (d, J = 8.41 H Ar-H IR (KBr, cni
3400-2300 (COerr]H), 1745 (CO, 1720((:8

:
Hz 1 BEPLACE 7.¥0 (dd, J =8 4 rz, 1.98

' 10:4 OCT 1996

i
1695 (CO |v5(mr ): 330
y

(Merr]), 298 N
Found: C 4§tc§tchL<aunén,2%Jcrﬁrbélo_%(7p&T§8rg$a fc&tmngtgeeb pﬁz}.rmac utic ac..cpmble
3- Met hoxy- 1baffer.1H 2- benzopyr an- 4- car boxyl i ¢ Acid Met hyl

Est er

A m xture of (2-carboxyphenyl)propanedi oi-c acid di net hyl

ester (10.0 g, 3 8 ours.
The vol atil es We?%"%r%&ggéé W%%E’?@‘sﬁ%ﬁ%@ exgﬁSf@Wg%f‘%locmogu de)
was di ssol védH)-reumaes il orapy yithtthe forey ofadmiaisprations andythe pagecularnopipounds
added and t RfodknX Pt heBSreSk Wrill8Ary @ith 3 paricular host under reamment. Generally,

treatment is initdated with small dosages substantially less than the optimal dose of the
compound. Thereafter, the dosage is increased by small increments until efficacy is
obtained. In general, the compounds of this invention are most desirably administered

" . ataconcentration level that will generally afford effective results without causing any
‘harmful or deleterious side effects. For topical administration, a 0.05-1.0% solution

may be administered dropwise in the eye. The frequency of instillagion varies with the
subject under treatment from a drop every two or three days to once daily. For oral or
parenteral administration a preferred level of dosage ranges from about 1.0 mg to about
10.0 mg per kilo of body weight per day, although aforementioned variatons will
occur. However, a dosage level that is in the range of from about 1.0 mg to about 10 .0

'mg per kilo of body weight per day is most satisfactory. -

Unit dosage forms such as capsules, tablets, pills and the like may contain from

- about 5.0 mg to about 25.0 mg of the active ingredients of this invention with a

pharmaceutical carrier. Thus, for oral administration, capsules can contain from
between about 5.0 mg to about 25.0 mg of the active ingredients of this invention with
or without a pharmaceutical diluent. Tablets, either effervescent or noneffervescent,
can contain between about 5.0 to 25.0 mg of the active ingredients of this invention
together with conventional pharmaceutical carriers. Thus tablets, which may be coated
and either effervescent or noneffervescent, may be prepared according to the known
art. Inert diluents or carriers, for example, magnesium carbonate or lactose, can be
used together with conventional disintegrating agents for example, magnesium stearate,

The I'-aminospiro[isoquinolinc-4(1H),3'-pyrrolidine]-l,2'3,5'(2H)-tcu'oncs :
also can be used in combination with insulin or oral hypoglycemic agents to produce a
beneficial effect in the treatment of diabetes mellitus. In this instance, commercially
available insulin preparations or oral hypoglycemic agents, exemplified by -
acetohexamide, chlorpropamide, tolazamide, tolbutamide and phenformin, are suitable.
The compounds hereof can be administered sequentially or simultaneously with insulin
or the oral hypoglycemic agent. Suitable methods of administration, compositions and
doses of the insulin preparation or oral hypoglycemic agent are described in medical

[
[
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m nutes. The yel |l owi sh suspensi on was poured |nto HC (1N, 1000.n)

extracted,wth Et CAc and the orgens dried ov rREﬂ_&@E
Evaporation and crystallization §1 g@eﬁa g hexane ( &f WENT 5 EET
-20C) gave a white solid (87.6 g| 94. REPLAG 129-

130C). [¢r ]%@Iﬁ’[m@

(DMSO-d[err], 400 MHz):[err] 382 (s 31" - CCIerr]NE) 4.0
= 8;2 1H Ar 2.9 (d_J 5

7.42 (t, J = 7.26 Hz, 1H Ar-H), 7.8 (t, J

8.3 Hz, 1H, wxwepks:doninsunce Physiciggs’ iesk a?n’efmceH)‘Z efl R Madipal (Ecopemiqs)to.1740
(CO , 1685 ( eySé{Tigps;ZB{lggng I\/[err]) 206 (38.5, M er H—€0p—203-{12,
Ié\l/[ggr] C, 61.59; H 4. Found: C, 61.82; 'H,'

The aldose reductase inhibiting propcny of the compounds of this invention and
the utilization of the compounds in preventing, diminishing and alleviaring diabetdc
complications are demonstrable in expériments using galactosemic rats, see

' Dvornik ez al., Science, 182, 1146 (1973). Such experiments are exemplified
hereinbelow after the listing of the following general comments pertaining to these
experiments: : :

(a)  Four or more groups of six male rats, 50-70 g, Sprague-Dawley stram,

~ were used. The first group, the control group, was fed a mixmure of laboratory chow
(rodent Laboratory Chow, Purina) and glucose at 20% (w/w %) concentration. An
untreated galactosemic group was fed a similar diet in which galactose was substituted
for glucose. The third grdup was fed a diet prepared by mixing a given amount of the
test compound with the galactose containing diet. The concentration of gala'ctosé in the
diet of the treated groups was the same as that for the untreated galactosetmc group.

(b)  After four days, the animals were killed by cuthanization. Both the lens
and sciatic nerve were removed, weighed and stored frozen for polyol determination.

(c)  The polyol determination was performed by a modification of the
procedure of M. Kraml and L. Cosyns, Clin. Biochem., 2, 373 (1969). Only two

" minor reagent changes were made: () the rinsing mixture was an aqueous 5% (w/v)
trichloroacetic acid solution and (b) the stock solution was prepared by dissolving 25
mg of dulcitol in 100 mL of an aqueous trichloroacetic acid solution. [N.B.: For each
experiment the average value found in the tissue from rats fed the glucose diet was
subtracted from the individual values found in the corresponding tissue in galactose-fed
rats to obtain the amount of polyol accumulated.] The aldose reductase inhibiting
effects of the compounds of formula (I) were also tested by employing an in vitro
testing procedure similar to that described by S. Hayman and J.H. Kinoshita, J. Biol.
Chem., 240, 877 (1965). In the present case the procedure of Hayman and Kinoshita

was modified in that the final chromatography step was omitted in the preparation of the
enzyme from bovine lens.

The following tabulated results show that the 1'-aminospiro[isoquinoline- -
4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-terones of this invention show the property that
they are active in vivo and diminish the accumulation of dulcitol in the lenses, sciatic
nerves and diaphragm of rats fed galactose. The figures under L, N, and D represent
the percentage decrease of dulcitol accumulation in the tissues of the lens, sciatic nerve,
and diaphragm, respectively, for treated rats as compared to untreated rats. .
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- 15- The foll ow ng corrpou_n_ds_JAE.Le_pLega-Fed—i n substantially the
sanme;manngr as that of Exanple 1,{ BISpSHEET HAS BEEN : .

6- Fl uor o- 3- met hoxy- 1- oxo- 1H 2- benzopyrq;E-pgAgm boxyl c Aci.d Fﬁ{i}AngW SHEE.T
[err]H NVR (DVSO-d[err], 400 MHz) crrJ 3-8t~ 3H, -CJernr]jCH err]),
4.06 (s, 3H, -OCHerr]), 7.27 (dt, J = 83 Hz, 1H, Ar-H), 7.18|(da4 OCF 1996
11.83 Hz, 2.49 Hz, 1H, Ar-H), 8.16 (dd, J = 8. 92 Hz, 6.2 Hz,}] dH, Ar-H) IR
(KBr, cnferr]): 1750 (CO, 1685 (CO Ms (mfe): 252 (24, Merr]), 224 (5%,
Merr]-CO Anal. Calcd.: C 57.15; H 3.60 ' Found: C, {57.19. H 3. .57

m p. 142-143C. 6- Chl or o- 3- et hoxy- 1- oxo- 1H 2- benzopyr an- 4- car boxyl i ¢ Aci-d

Met hyl Ester
ALDOSE REDUCTASE INHIBITORS
N !
Br
% Lowering Galactitol
% Inhibiton Accumulation
In Vimro In Vivo
Rl R4 R 10-5M mg/kg/day | %@L) | B(N) | %D)
H H H 5 56 82 72 97
F H H 0 50.5 54 75 | 96
H H _COCH3 20 57 25 73 90
H H SO,CF3 0 55 NS | NS 66
| H |CO2CH;3 | COxCH3 o 55 ‘NS 50 82
(NS = not significant)
/
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[err]H NVR (DMBO- Dl err], 400 MHz): [err] 3.81 (s, 3H, -CJej
4.05+«(s, 3H, -OCHerr]), 7.44 (dd, J = 8.56 Hz, 1.99 Hz, 1H,
(m 2H, Ar-H IR (KBr, cnferr]): 1750 (CO, 1690 (CO Ms (1
Merr]), 240 (86, Merr]-CO Anal. Calcd.: C 53.65; H, 3.3
C, 53.59; H 3.35 mp. 194-195C -5-
6- Br onp- 3- net hoxy- 1- oxo- 1H 2- benzopyr an- 4- car boxyl i ¢ Aci d M

[err]H NVMR (DVSO-d[err], 400 MHz): [err] 3.81 (s, 3H, -CJer
? 058( 3 5 ilz'l 13314'[6\? Ir_‘g'bhs u7vc§n§£j thso ‘E’ro‘vx&gsgﬁo&'&ses]fo; Erc';iﬁmglfﬂﬁ
1740 (CO) forsmua { copalfsshergog) |

Cal cd. : C p¢®ne3r die folloRhg: Found: C, 46.12; H 2.
a) acylating a compound of formula
R4RSNNH; ' (XIm)

- wherein R% and RS are as defined above with a compound of formula

Co,H
CO,R¢
\/ O

L | drs | XIV)
/\

or an activated form thereof

wherein CO2R0 is an ester function, e.g. alkyl ester such as the methyl

R UACEMGND SHEET
{ 6 268 (34,
0 4 OCTa996!:
tr"'.Eotcl
rlCH err]),
~H 80 d,
°l’“dn?er§]):

n mcwlgvmv[cemqo}mdsze&fmla Innay bt peparednal .

ester, and R!,

R2 and R3 are as defined above to give a corresponding compound of formula I and if

desired where possible isolating as a salt,

or

b) acylating a compound of formula I wherein one of R4and RS is

hydrogen, the

other is selected from hydrogen, lower alkyl, aryl or aryl(loweralkyl)- with an acylating
agent (including sulfonylating and sulfinylating agents) containing the group _

R8CO-, R80CO- or RIS(O);-

[

et Has

Been Replaced

\\\l\\\\\\\\\\ L



m p. - 200-201[err] C -16-
Step. ¢) ., 2-[(4-Bronp-2-fluorophenyl) P, 3, 4-tetrahydro-1, 3-

di oxo- 4-i soqui no-1inecarboxyl i g—A 0,11 To a sol utigon of -
3- net hoxy- 1- oxo- 1H- 2- benzopyr an-Uted A
21.37 mmol) in DVF (100 nL) wer aty

goc acid nethyl ester. {%:
E(}aro"/-fluorobe Zyl am n
21.37 mmol ) and Et[err] N (5.96 T 42. 74 .mmol ). The m xt ure
80[err]C for 30 mnutes, poured into Herr]O (1500 nL), aqidifieg
(2N) and extracted with Et QAc. The organic extracts were '

Sgerr Evapor, tlon and cr talllzatlonfro t one/ hexane (after
(I\;/gmq, ng ][0 wggg)Rsa ailgn | pparylors when n is {nl??&:ﬁso represents mﬂgoro-

methyl, to give a corrcspondmg compound of formula I wherein R4 is hydrogen, alkyl,
aryl or a.tyl(loweralkoxy) and R3 is alkanoyl, carboalkoxy, alkylsulfoxy, arylsulfoxy,
alkylsulfonyl, arylsulfony! or triflucromethylsulfonyl or R4 and RS are both
alkoxycarbonyl, alkanoyl, alkylsulfoxy, arylsulfoxy. alkylsulfonyl, arylsulfonyl or
trifluoromethylsulfonyl.

With regard to proc..ss a) the acylation may be carried out usmg the carboxyhc

acid of formula XIV and a coupling agent such as a carbodiimide e.g.

dicyclohexylcarbodiimide. Alternatively the carboxylic acid group may be in activated

form e.g. as an acid halide such as the chloride or bromide, or an anhydride such as a

_mixed anhydride. Processes for preparing compounds of formula III are described in
 Publication No. GB 2224734 and EP Publication No. 365324 '

With regard to process b) examples of the acylating agent are acid halides and
anhydrides e.g. compounds of formuola R8COhal, (R8CO),0, R9S (O)phal,
(R9S0,)20 and haloformates such as C1 COORS.

Multple acylation may be effected using a stmchmmernc excess of acylating
agent and more v:gomus acylating conditions.

Preferred routes to compounds of the invention are shown in the process
below:-

T REPLACEMENT SHEET

@ 4 OCT 199
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87.7 % mp. 149-150C). [err]H NWR (DVMBO-d[err], 400 MHz): [err] [3.6Z

(s), 4.0 (s), 3H, -Cgerr]M, tautoneric], [5.06 (q), J = L EM@N\SQHEET
(s), 2H, -NCH err]-, tautomeric], 5.4 (s), 1H CHCJerr] M,
7.07-8.43 (m 7H, Ar-H, tautorrerlc) IR (KBr, cnierr]): 16fY0}(CO, 6%
(CO MS FAB): 406 (80, Merr]+ H), 374@4‘0, Merr] -OCH bri])0AREGT 6
Calcd.: C, 53.22; H 3.23; N, 3.45 ound: C, 53.19; 2.98; N

;I_Egt f 8} | y&ww&%&g s%{rgﬂsoqumolll‘tr)l :[4?%1 - %'rolrxl 1 g E,%Qgﬁr as

2-[ (4- Br onpéirdnles of tptpreseh) mweimdn) wére ptepared by i £8]ldwingf readtiod sohetnd3-
di oxo- 4-i soqui nol i necar boxyl Ic Acid Methyl Ester J[err]H NVR (DMSO-d[err],

400 MHz): [err] 398(5[a ]_DCCIerr]CH[err]) 5.27 (s, 2H, ng@[err]-),
5 (

7.08 (t, J =7.9% 2 (mey r-H, 34  Ar-H -OH),
7.54 (m 1H, Ar-H) Ghep 25 AL ’E\d’M‘% \Q?Lco,m
oSO Nak, Qe |

CO,H
aw
' COMe _
1)soc, R! N OMe R{NHZ
step b)) ————me step ¢) .
2) Et;N, THF | (o} _——»Eng oE
(Vo) 'y
COch . . R[ Cone
R! o] -
step d)  BrCHCOLCMes ¥ o
Naps K;CO,, DMF i “R3
o)
_ v
VD COH .
CO,Me
1
. ) CF;CO:H. CHzC)z R . O step n 1) DCC'. HOBT
S ep €) re—————ee :
N\R3 2) NH,NH,, EpN-
0]
(VIID) CO,Me
0 N’ %
_ N~ ~COMe

(IX)

wherein R1 is halogen or hydrdgcn and R3 is a disubstituted aralkyl.



IR (KBr, cnferr]): 1680 (CO), 1660 (CO, 1610 (CO M5 (m e]: pgEACEMENT rgHEET
391 (Merr]-CHerr]OH Anal. Calcd.: C, 50.97; H 2.85; N, |3r=0 _
Found: C, 50.86; H, 2.86; N, 3.33 mp. 157-158C, - 1996
- 17 - 6- Chl oro- 1, 2, 3, 4-tetrahydro- 2- net hyl - 1, 3- di ox0- 4- i{sc unﬁopqle-
carboxylic Acid Methyl Ester [err]H NVRjj{(DVSO-d[err], 204 NHz):. [err]
[3.23 (s), 3.44 (s), tautoneric, 3H, -NCHerr]], [3.71 (s),] 4.03 (s),

tautoneric, 3H, -CJerr]CHerr]] , 7.3-8.4 (tautomeric, Ar- Oi-y
Step a) Reacting either 2-bromobenzoic acid or 2-chlorobenzoic acid of formula
(1) wherein R! is as defined above with dimethyl malonate and NaH in the presence
of a catlytc amount of CuBr to produce the propanedioic acid dimethyl ester of
formula (TV) wherein R! is as defined above. |

. The 2-bromobenzoic acids or 2-chlorobenzoic acids of formula (11
required for the present invention are commercially available compounds or can be
prepared by known methods. '

Stepb) . The propanedioic acid dimethyl ester of formula (TV) can be reacted with
thionyl chloride under refluxing conditions to produce the corresponding acid chloride
- which upon treatment with Et3N in a conventional solvent which does not adversely

influence the reaction, for example, tetrahydrofuran, can produce the compound of
formula (V), wherein R1 is as defined above.

Stepc) The compound of formula (V), wh_efcin R1 is as defined above, is
reacted with R3-NH3 in the presence of Et3N in a conventional solvent which does not
adversely influence the reaction, for example, DMF, produces the compound of the
formula (VI), wherein R! and R3 are as defined above.

Step d) " The compound of formula (VI), wherein R! and R3 are as defined
above, is reacted with an inorganic base such as potassium carbonate in a conventional
solvent which does not adversely influence the reactibn, for example, N,N-
dimethylformamide and subsequent addition of the tert-butyl bromoacetate produces the
compound of formula (VII), wherein R! and R3 are as defined above.

~ Stepe) The compound of formula (VII), wherein R! and R3 are as defined
above, can be reacted with an organic acid such as trifluoroacetic acid in a conventional
solvent which does not adversely influence the reaction, for example, methylene
chloride, to produce the compound of formula (_VIII), wherein R! and R3 are as defined
above.

Stepf) The compound of formula (VIII), wherein R! and R3 are as defined .
above, can be reacted with a coupling agent such as 1-(3-dimethylaminopropyl)-3-.



IR (KBr, cnjerr]): 3440(G-|), 1680 (CO, 1600 (CO Ms (me):
235 (Merr]-Owe) Anal. Calcd.: C, 53.85; H 3.77; N, 5.23
53.66; H, 3.63; N, 5.14 mp. 166- 167C.

6- Brono- 1, 2, 3, 4-tetrahydro- 2- net hyl -1, 3-gi_oxo- 4-i soqui nollne-.

Acid thhyl Ester [err]H NNR(DIVBOd[err] 400 MHz): [err] [

QP WEMEN] )SHEET

Foumnd: C,

arB49FT 9%

3. (Q\ ’3’52

(2 oo bR Au TAEC kv dobehihran Sty o

taut oneri c, whi¢h Adeds 1@ (adveysel. Dfflyaiice theit oonetion, fot o

caar

1:.[&151 (d),

7.63 (d),

(ne):

311

s fy et ggr b 0 ) ol )

C  45.83; wonz:om o formige (Hi)pwhmgﬂibaﬂdaﬂ?reas defined above.

Stcp g The compound of formula (IX), wherein R! and R3 are as defined
above can be reacted with methyl chloroformate in the presence of E3N in a
conventional solvent which dnes not adversely influence the reaction, for cxample.
tcu'ahydrofuran to produce the compound of formula (X), wherein R! and R3 are as

: deﬁned above.

‘Step h) * The compound of formula (IX), wherein Rl and R3 are as defined

above, can be reacted with acetic anhydride at 70°C, to produce the compound of

~ formula (XT), wherein R1 and R3 are as defined above.

Step i) The compound of formula (IX), wherein R1 and R3 are as defined
above, can be reacted with trifluoromethanesulfonic anhydride in the presence of EtzN
in a conventional solvent which does not adversely influence the reaction, for example,
methylene chloride, to produce the compound of formula (XII), wherein R! and R3 are
as defined above.

The following examples further illustrate this invention:

EXAMPLE 1

1'-Amino-Z-[(4,-bromo-2¢ﬂuorophenyl)methyl]spiro[isoquinoline- .
4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone

Step a) (2-Carboxyphenyl)propanedioic Acid Dimethyl Ester

To a rapidly stirred cold suspension (0°C) of 2-bromobenzoic acid (30.0 g,
149.32 mmol), cuprous bromide (2.14 g, 14.93 mmol) and dimethyl malonate (300
mL) was added NaH (80% in mineral oil, 10.75 g, 358.37 mmol) over a 30 minute
period, while a stream of dry N» was passed over the mixture. After the addition of the:
NaH had been completed, the mixture was stirred for 10 minutes at room temperature
and 30 minutes at 70°C (external oil bath temperature). At this point, the suspension
had wmed to a solid mass, which was dissolved in HoO (1000 mL). The aqueous
léycr was extracted with diethyl ether (3 x 500 mL) and was acidified with HCI (2N).
The mixture was extracted with EtOAc and dried over MgSO4. Evaporation gave an



Step d)

2- [(4 Brono- 2- quorophenyI)rrethyI] 1, 2, 3, 4-tpetT
(et hoxycar bonyl ) - 1, 3- di oxo- 4-i soqui nol i neacetic Aci d 1, 1-Di W&EECK&WR

Est er

2-[ (4- bromo- 2-f I uor ophenyl ) net hyl ] - 1, 2, 3, 4- tetrahydro- 04 OCT 19
1, 3-di oxo- 4-i soqui nol i necar boxyl i c aci d -ntﬁt-hyl ester (4.79 g

§HEET

To a suspen5| on of

11. 58 mmol ),

K[err]CCIerr] (3.19 g, 23.16 nmol) in DW (100 nL) was addedjt &rt=butyI
br onpacet at e of2wéike sblid Whidirwasecdystalifzed frost EnzO/hegm (aftef eoolih €16 20°C) lamur

the m xture

MgSO err] .

@? Q%{E%ohﬂgﬁh H%O?ogbjt r g tgfb # 3 t OAc and dried over

t‘|o

(hexane/ Et OAéf’ﬁor VIR gmgocqﬁ)@ IS’ ’5Chr C()-‘[Qﬁtﬁc_)f:]?_;—)a&l\gﬂ- (s, 1H,
@:(%@%ioig ge'ﬂs] (d!: JQ47§8|$§W§ AGCE'[‘PHS kdtl $7 .66 1, B15HAH
: ?s_l[ err] cg erl @ﬂﬁér?ﬁ)([dérjrf]" 66:t12,4. Q%Hz,zm ACHD 194 (4d, J7= 18 Kz, 1.33 Hz,

(DMsO-d[err] ..

-qurr]CH[er

1H, Ar-H), 13.2 (s, 1H, -CO2H)

IR (KBr, cm'l): 3300-2700 (CO2H), 1750 (CO), 1730 (CO), 1680 (CO)
MS (mve): 252 (M+), 220 (M+-CH30H), 188 (M+-2 x CH30H) |
Anal. Calcd.: C, 57.14; H, 4.80

Found: C, 57.05; H; 4.78.

The following compouhds were prepared in substantally the same manner as
that of Example 1, Step a):

(2-Carboxy-6-fluorophenyl)propanedioic Acid Dimethyl Ester

1H NMR (DMSO-dg, 400 MHz): & 3.68 [s, 6H, (-CO2Me)2], 5.79 [s, 1H, Ar-
CH(COzMe)z], 7.12 (dd, J = 10.06 Hz, 2.61 Hz, 1H, Ar-H), 7.33 (dr, J = 8.48 Hz,
2.64 Hz, 1H, Ar-H), 8.03 (dd, 8.77 Hz, 6.17 Hz, 1H, Ar-H)

IR (KBr, cm-1): 3400-2700 (COzH), 1730 (CO), 1680 (CO)
MS (m/e): 270 (M), 238 (M*+-CH30H), 210 (M+-CH30H, -CO), 151 (M+-CH30H,
-CO,-COCH3)
Anal. Calcd.: C, 53.34; H, 4.10
" Found: C, 53.36; H, 3.93-
m.p. 121.5-123.0°C.

(2-Carboxy-6-chloropheﬁyl)prbpanedioic Acid Dimethyl Ester

1H NMR (DMSO-dg, 200 MHz): & 3.69 [s, 6H, (-COzMe)2], 5.78 [s, 1H, Ar-
CH(CO2Me)2], 7.38 (d, J = 1.8 Hz, 1H, Ar-H), 7.58 (dd, J = 7.8 Hz, 1.8 Hz, 1H,
Ar-HD), 7.96 (d, J = 8.2 Hz, 1H, Ar-H), 13.5 (br s, 1H, -CO.H)

IR (KBr, cm1): 3200-2700 (CO2H), 1760 (CO), 1740 (CO), 1690 (CO)
MS (m/e): 286 (20 M), 254 (64, M+-CH30H), 222 (60 M+-2 x CH30H)

~ Anal. Caled.: C, 50.28; H, 3.87

Found: C, 50.40; H, 3.87_
m.p. 125-127°C.




8.25 Hz. 1H, Ar-H), 7.36 (dd, J = 8.36 Hz, 1. 75 Hz. 1H, Ar- H) 7.6 (m 3H,
Ar-Hy, 7.77 (dt, J = 7.2 Hz, 127Hz 1H, Ar - 3-10—da—J = 8.25 Hz,

1.54 Hz. 1H, Ar- IR (CHCl [err], cr‘r{err )REP.LAUEME&G))SQE%% (CO) M5 (nie): .
520 (M + H)[err], 464 [Merr]- C(CH[err]) e~ he fol | owingf /
conpounds were prepared in substantiallyt e 6%@9 g 1aq ¢ a‘ &4 mﬁ"@ ‘
1, Step d): 2-[(4-Brono-2-fluorophenyl) - g or o-

1, 2, 3, 4-tetrahydro-4- (nethoxycarhbonyl)- 1} d| 0X0: da i ol yneacefif Acid

1, 1- Dimsthylethyl Ester [err]H NWR ( dlerr], 200 M—Iz).:

P N - W

9H CIVla[err]zq 55 (s CJerr 5 Hz,¥ 1H,

-CH err] CO er t2-Easpexy6ybr gnPBhEWl)Pﬁlofa[l‘FdB"HzAc'ﬂ%D'}“ethVl Ester
-CH err]CJerr]Cwve[err]), 5.15 (s, 2H, -NCHerr]-), 7.15 (t, J = 8.2 Hz,
1H, Ar-H), 7.8% NMR (ODMS8®-ds, 400 MHz): Ar3.68 [s, BE4 5COTH B, 31 (Aﬂﬂ%@

(9, 3 = B30, 5 Dol 18, AL 5070 ol H o L >Hz,117ﬁ%@vs%7é

J= 8.41 Hz, 1H, Ar-H)

IR (KBr, cm-!): 3400-2300 (COzH), 1745 (CO), 1720 (CO), 1695 (CO)
MS (m/e): 330- (M), 298 (M+-CH30H)
Anal. Caled.: C,43.53E, 3.35
Found: C, 43.56: H, 3.23
m.p. 127-128°C. '

Step b) 3-Methoxy-1-oxo-1H:2-benzopyran-4-carboxylic Acid
' Methyl Ester

A mixure of (2-carboxyphenyl)propanedioic acid dimethyl ester (10.0 g, 39.68
mmol) and SOCl3 (100 g) was refluxed for 2 hours. The volatiles were removed in
vacuo and the crude product (acid chloride) was dissolved in THF (200 mL).
Triethylamine (27.64 mL, 198.4 mmol) was added and the mixture was sdrred for 30
minutes. The yellowish suspension was poured into HCl (1N, 1000 mL), exsracted
with EtOAc and the organic extracts were dried over MgSO4. Evaporation and *

- crystallization from acetone/ether/hexane (after cooling to -20°C) gave a white solid
(87.6 g, 94.4%, m.p. 129-130°C).

IH NMR (DMSO-dg, 400 MHz):5 3.82, (s, 3H, -CO2Me), 4.03 (s, 3H, -OMe), 7.42
(t, J = 7.26 Hz, 1H, Ar-H), 7.8 (t, ] = 8:2 Hz, 1H, Ar-H), 7.9 (4, J = 8.3 Hz, 1H,
Ar-H), 8.1 (d, J = 7.26 Hz, 1H, Ar-H) i

IR (KBr, cm-!): 1740 (CO), 1685 (CO)
MS (m/e): 234 (15, M+), 206 (38.5, M+-CO), 203 (12, M+-OMe)
Anal. Caled.: C, 61.59; H. 430

Found: C, 61.82; H, 4.29.



M5 (me): 538 (M+ HJ[err], 481 (Merr] + HCMWe[err]) Anal .-
53.55; H, -4.12; N, 2.60 Found: C, 53.49; H, 4.00; N,
6- Chl oro- 1, 2, 3, 4-tetrahydr o- 4- (net hoxycar bonyl ) - 2- et hyl -1,
4-isoqui nolineacetic Acid 1,1-D nethylethyl Ester [err]H
200 MHz): [err] 1.06 (s, 9H, -CJerr]Cwve[err]), 3.3 (s, 3H,
(s, 3H, -Cqerr]CHerr]), 3.67 (g, J = 4V55 Hz, - 2H,

C%P(LACEMENT SHEET

Bﬁéaca[ ‘éﬁﬁ]

[err])

-CH err]COerr]Cve[err]), 7.68 (dd, J = 9.0 Hz, 1.6 Hz, 1H —Ar—th—r—F—;
J =20 Hz, 1H A!‘hd‘ﬁodlo&xﬂicéxﬂgouh&v&re teparedin sébstadriallyRhé $ithe neimher ds] )

1740 (CO, 1720 ( M5 (nme): 381 (Merr]) Anal. Calcd.: C
56.82; H, 5%“‘@“’%’ 6’7116§‘¢P bund: ‘C, 57.00 H, 5.41; N, 3.66 mp. 135-136C
| -6-Fluoro-3-methoxy-1 -0x0-1H-2- benzopyran-4-carboxylxc Acid Methyl

Ester

1H NMR (DMSO-dg, 400 MHz): 8 3.81 (s, 3H, -CO2CHs), 4.06 (s, 3H, -OCHz-),
7.27 (dt, ] = 8.3 Hz, 1H, Ar-HD, 7.8 (dd, J = 11.83 Hz, 2.49 Hz, 1H, Ar-H), 8.16
(dd, J = 8.92 Hz, 62 Hz, 1H, Ar-H) :

IR (KBr, cm-1): 1750 (CO), 1685 (CO)
MS (m/e): 252 (24, M+), 224 (54, M*-CO)
Anal. Caled.: C, 57.15; H, 3.60
Found: C, 57.19; H. 3.57
m.p. 142-143°C.

6-Chloro-3-methoxy-1-oxo-1H-2-benzopyran-4-carboxylic Acid Methyl
Ester

1H NMR (DMSO-Dg, 400 MHz): & 3.81 (s, 3H, -CO2CH3), 4.05 (s, 3H, -OCHa3),
7.44 (dd, J = 8.56 Hz, 1.99 Hz, 1H, Ar-H), 8.06 (m, 2H, Ar-H)

IR (KBr, cm1): 1750 (CO), 1690 (CO)
MS (m/e): 268 (34, M+), 240 (86, M*+-CO)
Anal. Calcd.: C, 53.65; H, 3.38

Found: C, 53.59; H, 3.35
m.p. 194-195°C.

6-Bromo-3-methoxy-1-oxo-1H-2-benzopyran-4-carboxylic Acid Méthyl
Ester

IH NMR (DMSO-dg, 400 MHz): 3 3.81 (s, 3H, -CO2CH3), 4.05 (s, 3H, -OCHb2),
7.6 (dd, J = 8.38 Hz, 1.77 Hz, 1H, Ar-H), 8.0 (d, J = 8.39 Hz, 1H, Ar-H), 8.23 (d,
J =1.95 Hz, 1H, Ar-H) '

IR (XBr, cm-1): 1740 (CO), 1680 (CO)
MS (m/e): 312 (17 M), 284 (45, M*-CO)
Anal. Calcd.: C, 46.03; H, 2.90

Found: C, 46.12; H, 2.62
m.p. 200-201°C.



- 19- 6- Brono-1, 2, 3, 4-t et rahydr o- 4- (et hoxycar bonyl ) - 2- ngt PtAGEMEWi ONEET

4-isoqui nelineacetic Acid 1,1-Di nethylethyl Ester [err]H [N
(DVBO-d[err], 200 MHz): [err]1.05[s,9H,-C(CH err])[err]],3.128 é{

NCH err]), 3.59(s, 3H, -COerr]CH err]), 3.58 (d, J = 17.03 Hz| 1 % GCT 19
-CHerr]CdJerr]-), 3.67 (d, J = 17.03 Hz, 1H, -CHerr]COedr]-), 7.81 (dd

J =84 H, 1.85 Hz, 1H Ar-H), 7.88 ({6 = 1.81 Hz, 1H Ar-F). 8.08 (d, J

= 8.4 Hz, 1H 'Ar-H IR (KBr, cnferr]): 1740 (CO, 1710 (Cd
(me): 425 %I\/[err]) 370 (Merr]-CJerr]JHerr]), 352 (Merr]-Clerr]Herr]O
Anal . Cal cdStem@) 50. 2d{41Bromps2-figorgphenylimethyl zdyhd.4-tetrsthyino-1,3-4. 68;

N, 3.12 m pdxéi@#h@@@umo-lmecarboxyhc Acid Methyl Ester

To a soludon of 3-mcthoxy-l-oxo-lH—Z-bcnzopyran-4-carboxylic acid methyl
ester (5.0 g, 21.37 mmot) in DMF (100 mL) were added 4-bromo-2-fluorobenzylamine
(4.36 g, 21.37 mmol) and Et3N (5.96 mL, 42.74 mmol). The mixture was stirred at
80°C for 30 minutes, poured into H20 (1500 mL), acidified with HCI (2N) and
extracted with EtOAc. The organic extracts were dried over MgSOs. Evaporation and
crystallization from acetone/hexane (after cooling to -20°C) gave a white solid (7.6 g.

'87.7 %, m.p. 149-150°C).

IH NMR (DMSO-d5 400 MHz): 5 [3.67 (s), 4.0 (5), 3H, -CO2Me, tautomeric], [5.06
(q), J = 15.4 Hz, 5.30 (s). 2H, -NCH»>-, tautomeric], 5.4 (s), 1H, CH CO2Me,
tautomeric], 7.07-8.43 (m 7H, Ar-H, tautomcnc)

IR (¥ 3r, cm-1): 1670 (CO), 1605 (CO)
MS . FAB): 406 (80, M*+ H), 374 (40, M* -OCHj3)
Anal. Calcd.: C, 53.22; H, 3.23; N, 3.45

Found: C, 53.19; H, 2.98; N, 3.40.

The following compounds were prepared in substantially the same manner as that of
Example 1, Step ¢):

2-[(4-Bromo-2-fluorophenyl)methyi}-6-fluoro-1,2,3,4-tetrahydro-1,3-
dioxo-4-isoquinolinecarboxylic Acid Methyl Ester

1H NMR (DMSO-dg, 400 MHz): & 3.98 (s, 3H, -CO2CHz3), 5.27 (s, 2H, -NCH>-),
7.08 (t, J =7.95 Hz, 2H, Ar-H), 7.2 (m, 1H, Ar-H), 7.34 (m, 2H, Ar-H, -OH), 7.54
(m, 1H, Ar-H), 8.1-8.26 (m, 2H, Ar-H) -

IR (KBr, cm-1): 1680 (CO), 1660 (CO), 1610 (CO)
MS (m/e): 423 (M*), 391 (M+-CH30H)
Anal. Caled.: C, 50.97; H, 2.85; N, 3.30
Found: C, 50.86; H, 2.86; N, 3.33
m.p. 157-158°C.




+ ot e o |

Step e) 2-[ (4-Brono-2-fl uorophenyl)nethyl]-1, 2,3,
4- (met hoxycar bonyl ) - 1, 3-di oxo-4-i soqui nol i neacetic Acid

of 2-[(4-brono-2-fluorophenyl)nethyl]-1,2,3,4-tetrahydro-4-
(et hoxycar bonyl ) - 1, 3- di oxo-4-i soqui nolaneacet ic acid 1,1-d mﬁtcg drqn

ester (5.19 g, 9.81 mol), CHerr]d[erf] (100 nL) and CF[efr] err (20 :
m) was stirred at roomtenperature for 5 hours. The vol ati | ed—were—rerered

washod. si | $ihIETo-§ b b CRaRdser 4 FetRitcd - diol by Yy so alln et o2

T REPLACIURNT, SHEET

g, 90:5% cnnhoszﬂe-Aém[ Meth@ .Estéxerr]H NVR (DIVBOd[err] 400 MHz): [err]
3.54 (s, 3H Cderr]CHerr]), 3.64 (q, d = 17.67 Hz, 2H, CH[err]CCIerr]H)

5.12 (q, 7 1

23 (o I REONICs, AENAL D ot o), Guletel Sy, NG, ),
1H, Ar-H),(367116),4.63 (9, mupnerie 3H1H:Oﬁ_ﬂ 7.38.8@atwometis, ArED-OH,|4H) | R

( KBr, cn[err]) 3280 (OH), 3200-2700 (COerr]H, 1750 (CO, 1720 (CO, 1675

(9 (g o oo @ gty oo ies C skas
MS (m/e): 267 (M*), 235 (M -OM c '
Anal. Caled.: C, 53.85; H, 3.77; N, 5.23
Found: C, 53.66; H, 3.63; N, 5.14
m.p. 166-167°C.

6-Bromo-1,2,3,4-tetrahydro-2-methyl-1,3-dioxo-4-isoquinoline-
carboxylic Acid Methyl Ester

1H NMR (DMSO-dg, 400 MHz): & [3 2 (s), 3.42 (s), 3H, tautomeric, N-CH3], [3.7
(s), 4.01 (s), 3H, tautomeric, -CO2CH3], [5.33 (s), 1H, tautomeric, Ar-CH-], [7.5
(dd), 7.8 (dd), tautomeric, 1H, Ar-H, {8.0 (d), 8.08 (d), tautomeric, 1H, Ar-_Ii], [8.51
(d), 7.63 (d), tautomeric, 1H, Ar-H)

IR (KBr, cm-1): 1665 (CO), 605 (CO)

MS (m/e): 311 (M%)

Anal. Caled:: C, 46.18; H, 3.23; N, 4.49
Found: C, 45.83; H, 2.77; N, 4.38

m.p. 190-191°C.

Step d) _ '2-[(4-Bromo-z-ﬂuorpphenyl)meth_yl]-1,2,3,4-tetrahydro-4.-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethyl-
ethyl Ester

_ To a suspension of 2-[(4-bromo-2-fluorophenyl)methyl]}-1,2,3,4-tetrahydro-
1,3-dioxo-4-isoquinolinecarboxylic acid methyl ester (4.79 g, 11.58 mmol), K2CO3
(3.19 g, 23.16 mmol) in DMF (100 mL) was added tert-butyl bromoacetate (2.81 mL.,
17.37 mmol). After stirring at 75°C for 1 hour, the mixture was poured into H,0, )
extracted with EtOAc and dried over MgSO4. Evaporation and purification by flash
chromatography (hexane/EtOAc 4/1) gave a clear oil (5.69 g, 94.5%).
1H NMR (DMSO-dg, 400 MHz): § 1.04 [s, 9H, -C(CH3)3], 3.53 s, 3H, -CO2CH3),
3.60 [dd, J = 17.7 Hz, 2H, -CH2CO2(CH3)3), 5.14 (s, 2H, NCH>-), 7.17 (¢, J =



-20 - The foll ow ng conmpound was obtained in subst s
manner as +that of Exanple 1, Step e): 2-[(4-B

rono- 2- f | uor ophenyl ) net hyl ] -6-fl uoro-1, 2, 3, 4-tetrahvdr o- 4-
carbonyl)- 1, 3-di oxo-4-isoqui nol i neace;i§_Aci d [err]H NWR
400 MHz): [err] 3.56 (s, 3H, CCIerr]CH[lerr]) 3.6(dJ = 17.9

15 5 1, 2153 AE AR e B d T3 E e Jos i A AR e
8.28 Hz, 1.787 kiit, J B7.2AHz, 1—52771-121511-( dir-H), &13.(¢d JHz, 8 25 BzpHi, 54THz. Wi Ay, 7. 54

(dd,J 9 / Hz, 1.89 Hz, 1H Ar-H), 7.64 (dd, J = 9.61 Hz, 2.46 Hz, 1H
Ar-H), (dd, J = 8.79 Hz, 5.81 Hz, 1H, Ar-H), 12.67 (br s, 1H,

! e”] H) IR (CHCl3, cmrl): 1720 (CO), 1675 (CO)
MS (mie): 520 (M + H)*, 464 [M*-C(CH3)3].

The following compounds were prepared in substantially the same manner as
that of Example 1, Step d): :

2-{(4-Bromo-2-fluorophenyl)methyl}-6-fluoro-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid 1,1-
Dimethylethyl Ester

IH NMR (DMSO-dg, 200 MHz): 8 1.10 (s, 9H, -CMe3), 3.55 (s, 3H, -COzCH3)
3.62 (d, J = 17.5 Hz, 1H, QH_zCOzCMc3) 375 d, J = 175 Hz, 1H,
-CH2CO2CMe3), 5.15 (s, 2H, -NCH»-), 7.15 (¢, I = 8.2 Hz, 1H, Ar-H),7.35(d, I=
8.2 Hz, 1H, Ar-H), 7.45-7.70 (m, 3H, Ar-H), 8.38 (dd, J = 8.16 Hz, 5.70 Hz, 1H,
Ar-H) '

IR (KBr, carl): 1750 (CO), 1720 (CO), 1675 (CO)
MS (mv/e): 538 (M + H)*, 481 (M* + H-CMe3)
Anal. Caled.: C, 53.55; H, 4.12; N, 2.60

Found: C, 53.49; H, 4.00; N, 2.63.

6-Chloro-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-2-methyl-1,3-dioxo-
4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

1H NMR (DMSO-dg, 200 MHz): § 1.06 (s, 9H, -CO2CMe3), 3.3 (s, 3H, -NCH3),
3.6 (s, 3H, -CO2CH3), 3.67 (q. J = 17.5 Hz, 2H, -CH2C0O2CMe3), 7.68 (dd, J = 9.0
Hz, 1.6 Hz, 1H, Ar-H), 7.77 (4, ] = 2.0 Hz, 1H, Ar-H), 8.21 (4, J = 8.2 Hz, 1H,
Ar-H)

IR (KBr, cm1): 1740 (CO), 1720 (CO), 1680 (CO)
MS (m/e): 381 (M+) _
Anal. Calcd.: C, 56.82; H, 5.28; N, 3.67
. Found: C, 57.00; H, 541; N, 3.66
m.p. 135-136°C.



| R (KBr, err]): 3400-2700 COZ. , 1745 (CO, 1710 (CO, .
(nit(a)_:r48§n{(|v[e]rZ]), 405 (I\/[egr]-lc_li)qerr], gm%err]O—D(AnZil.]!W

49.81; H 2.93; N 2.90 Found: C, 49.94; H 3.03; N, 2.qzrmp.
132-133. 5C. | 04 0CT 9%

6- Chl oro-1, 2, 3, 4-tetrahydro- 4- (net hoxygglrbonyl) 2-met hyl - 1, 3} df oxo-

4-i soqui noI | neacetlc Acid 1H NWR (Dvs&¥d[err], 200 MHz): [e]rV—3—27T3;
3H, -CHerr]), 359(5 3H, -Cderr]CHerr]), 364(q, J :1 .5 Hz,~ 2H,
-CH[err] err]H, ./zs(d, J =
2.0 He, -Bromp- 18- ie‘ Eﬁrﬂbydfﬁ-ﬁ(mﬁth%w}&l@s’ n- ? mf 1e3riddpxpy : 3440
(O, 3200433%&@1:&:&:&&% ,Adid5Q I(-ﬁﬁhethlﬂé@:y( Cm)t,er1675 (CO M5 (me): 325
(Merr]) Anal. Calcd.: C, 51.63; .71; N, 4.30 Found: C, 51.73; H,

2.70; N, 44

6- Brono- 1, 2 -Tet :%é gﬁ (zr%)t N‘H%)caar]bog);f)g% r%(tgryp)il g 7(1% oﬁf?’H )

4-i soqui noN@g};ﬁhﬁ%s At €CO2CH3), 3.58 (d, ] = 17.03 Hz, 1H, -CH>2CO»-), 3.67 (d,J =
17.03 Hz, 1H, -CH,CO»-), 7.81 (dd, J = 8.4 Hz, 1.85 Hz, 1H, Ar-H), 7.88 (d, ] =
1.81 Hz, 1H, Ar-H), 8.08 (d, J = 8.4 Hz, 1H, Ar-H) :

IR (KBr, cm-1): 1740 (CO), 1710 (CO), 1670 (CO)

MS (m/e): 425 (M*), 370 M+ -C4Hy), 352 (M+-C4HgO)

Anal. Caled.: AC, 50.72; H, 4.73; N, 329 -
" Found: C, 50.47; H, 4.68; N, 3.12 ' ok

m.p. 152-153°C.

Step e) 2-[(4-3romo-z-ﬂuorophenyl)methyl]-1,2,3,4,-tetrahydro-
4-(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

A mixture of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid 1,1-dimethylethyl ester (5.19
g, 9.81 mmol), CH2Cl2 (100 mL) and CF3CO2H (20 mL) was stirred at room
temperature for 5 hours. The volatiles were removed in vacuo and the residue was
purified by flash chromatography on acid washed silica gel (5% H3PO4 in MeOH), to
give a white solid (4.12 g, 90.5%, m.p. 139-140°C).

1H NMR (DMSO-dg, 400 MHz): § 3.54 (s, 3H, CO2CH3), 3.64 (q, J = 17.67 Hz,
2H, CH,COH), 5.12 (q, J = 15.34 Hz, 2H, -NCH>-), 7.14 (t, ] = 8.22 Hz, 1H, Ar-
H), 7.3 (d, J = 8.3 Hz, 1H, Ar-H), 7.5-7.6 (m, 3H, Ar-H), 7.76 (d, ] = 7.4 Hz, 1H,
Ar-H), 8.16 (d,J =7.8 Hz, 1H, Ar-H), 12.35 (s, 1H, -CO2H)

IR (KBr, cm-1): 3280 (OH), 3200-2700 (CO5H), 1750 (CO), 1720 (CO), 1675 (CO).
MS (m/e): 463 (M+), 445 (M+-H, -OH)
Anal. Caled.: C, 51.28; H, 3.30; N, 2.99

Found: C, 51.26; H, 3.48; N, 2.95.




errJ]H NVR (DVMBO-d[err], 200 MHz): [err] 3.26 (s, 3H, N-CH i} AT T
B: 7.2 Hz, 1H, -CHerr]H), 3.58 (s, 3H, CCIerr]CH[err]) .P%}’U?Ciﬁ%ﬂ_ﬁ'lﬁ
17.2 Hz, 1H, -CHerr]CJerr]H, 7.77 (dd, 8.21Hg, 2.2 Hz, 1H,
Ar-H), 7.87 (d. J = 2.2 Hz, 1H, Ar-H), .890 (d, J 8 2 Hz. 14H| AB4OCTIV964
(s, 1H, -CJerr]H IR (KBr, cnferr]): 3450 2600 (CCIerr]H) 14735 (CO, ..
1700 (CO), 1660 (CO) Ms (me): 369 (Merr]), 324 (Merr]-COlerfJH) Anal .

%al Cd194ci9§—,‘5 43?.g1ollguggg dpoimd ¥as obmmcEﬁPMsmEmalﬂﬁhQé‘m RercrSrsphr—-—52
P [Examplel Stepe):

2-[(4-B romo-2-ﬂuorOphenyl)me_thyl]-6-flubr041,2,3,4-tetrahydro.4-
{methoxy- carbonyl)-1,3-dioxo-4-isoquinolineace_tic -Acid

IH NMR (DMSO-dg, 400 MHz): § 3.56 (s, 3H, -COCH3),3.6(d,J = 17.9 Hz, 1H,
-CH2CO5H), 38 (4, J = 17.9 Hz, IH, -CHaCOH), 5.1 (@d, J = 155 Hz, 28,
:NCHa-), 7.12 (s, J = 8.23 Hz, 1H, Ar-H), 7.31 (dd, J = 8.28 Hz, 1.68 Hz, 1H, Ar-
H), 7.45 (dt, J = 8.56 Hz, 2.5 Hz, 1H, Ar-H), 7.54 (dd, ] = 9.77 Hz, 1.89 Hz, 1H,
Ar-H), 7.64 (dd, T = 9.61 Hz, 2.46 Hz, 1H, Ar-H), 8.23 (dd, ] = 8.79 Hz, 5.81 Hz,

' 1H, Ar-H), 12.67 (brs, 1H, -COH)

IR (KBr, cm-1): 3400-2700 (CO2H), 1745 (CO), 1710 (CO), 1670 (CO)
MS (m/e): 481 (M+), 405 (M*-CO,, -CH30H)
“Anal. Caled.: C, 49.81; H, 2.93; N, 2.90
Found: C, 49.94; H, 3.03; N, 2.84
m.p. 132-133.5°C.

6-Chloro-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-i-methyl-1,3-dioxo-
4-isoquinolineacetic Acid '

TH NMR (DMSO-ds, 200 MHz): & 3.27 (s, 3H, -CH3), 3.59 (s, 3H, -CO2CH3), 3.64
(q, 7 = 17.5 Hz, 2H, -CH>CO2H), 7.65 (dd, J = 8.6 Hz, 2.0 Hz, 1H, Ar-H), 7.78 (d,
J=2.0Hz, 1H, Ar-H), 8.18(d, J = 8.0 Hz, 1H, Ar-H)

IR (KBr, cmr-l): 3440 (OH), 3200-2700 (COzH), 1750 (CO), 1710 (CO), 1675 (CO)

MS (m/e): 325 (M+) . |

Anal. Calcd.: C, 51.63; H, 3.71; N, 4.30° - -
Found: C, 51.73; H, 2.70; N,4.28 | |

m.p. 195-196°C.

6-Bromo-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-2-methyl-1,3-dioxo-
4-isoquinolineacetic Acid

IH NMR (DMSO-dg, 200 MHz): § 3.26 (s, 3H, N-CH3), 3.53 (d, ] = 17.2 Hz, 1H,
- -CHoH), 3.58 (s, 3H, -CO2CH3), 3.74 (d, J = 17.2 Hz, 1H, -CH,CO,H), 7.77 (dd,



p f) 1" - Ami no- 2-[ (4- br ono- 2-

Ste -
f | uer ophenyl ) met hyl | spi ro[ i soqui nol i ne-4(1H), 3' -pyrroli di leREPLACEMENT SHEET
1,2',3,5 (2H)-tetrone To a sol ution of
2-[(4-brorm-2-f|uorophenyl)rrethyl]-1,2,3,4-tetrahydro-4- ' 0.4.0CT 199
(et hoxycar bonyl ) - 1, 3- di oxo- 4-i soqui nolitneacetic acid (2.5 |g,l 5. 3“9 ! [
DME (60 i) were added 1-(3-dimethylam nopropyl)-3-ethylcar bodiini-de-

- hydrochl orj deg @@zi;&lm er»ﬂ nﬂmkdandvlvmdmxmﬁmzcst '( zoLg hydrate

( HOBT, 109 Oﬁ stirring for 2 hours; ZT ne
(0.22 i, OAFT‘% 2,54 s(saHée‘d:E wise, followed by Et[err]N (1.5 n_, 10.77
nmol ) addltlon The m xture was stirred for 30 mnutes, poured into

H[terr]tO, NERUCKBL, icare t): B 50-260) (CRH), aEBB mr,?goeacc@%,tﬂséﬁ?(f@sq- t._The grgglni ch
extracts vaporation and purification by flas

chr omat og\,\g{al‘@I9 i@gggﬁf‘ﬁﬁigi“e@@%d subsequent crystallization from

et her/ hexaAgal( Calod: Co48.40d 227,28[278] C), gave a white solid (1.68 g,
I T e R e
2H, -NCI-l[anrp].-IPf%-BSEG.(s, 2H, -NHerr]), 7.17 (t, J = 8.3 Hz, 1H Ar-H), '
7.33 (dd, J = 8.3 Hz, 1.7 Hz, 1H, Ar-H), 7.54 (m 2H, Ar-H), 7.63 (t, J =

8.51 Hz, lijepAty M. f‘_ggnmtz_[@‘ Gréng22z. 1.25 Hz, 1H Ar-H, 8.18 (dd,
ﬂuorophenyl)methyl]spxro[nsoqumolme-4(1H) 3'-pyrrolidine]-
1,2',3 5'(2H) tetrone

To a solution of 2- [(4-bromo-2-ﬂuorophcnyl)methyl] 1,2,3, 4-reu'ahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid (2.5 g, 5.39 mmol) in DMF
{60 mL) were added l-(3-dimethylaminopropyl)-3-ethylcérbodiimidc hydrochloride
(DCC, 1.34 g, 7.0 mmol) and 1-hydroxybenzotriazole hydrate (HOBT, 1.09 g, 8.08
mmol). After stirring for 2 hours, anhydrous hydrazine (0.22 mL., 7.0 mmol) was
added dropwise, followed by Et3N (1.5 mL, 10.77 mmol) addition. The mixture was
stirred for 30 minutes, poured into H20, neutralized with HCI (2N) and exwacted with
EtOAc. The organic extracts were dried over MgSQy. Evaporation and purification by
flash chromatography (hexanc/EtOAc' 1;1) and subsequent crystallizaton from
ether/hexane (aftcr cooling to -20°C) ﬁve a white solid (1.68 g, 70.0%, m.p. 95-
97°C). i

IH NMR (DMSO-ds, 400 MH2): 8 3.33 (d, J = 182 Hz, 1H, -HCHCO), 3.51 (4, J
= 18.2 Hz, 1H, -HCHCO-), 5.07 (s, 2H, -NCHy-), 5.23 (s, 2H, -NH), 7.17 1, ] =
8.3 Hz, 1H, Ar-H), 7.33 (dd, ] = 8.3 Hz, 1.7 Hz, 1H, Ar-H), 7.54 (m, 2H, Ar-H),
7.63 (t, T = 8.51 Hz, 1H, Ar-H), 7.79 (dt, T = 8.7 Hz, 1.25 Hz, 1H, Ar-H), 8.18 (dd,
J =7.7 Hz, 125 Hz, 1H, Ar-H)

IR (KBr cm-1): 3340 (NH), 1720 (C=0), 1670 (C=0)
MS (m/e): 445(4, M+) '
Anal. Calcd.: C, 51.14; H, 2.94; N, 9.42

Found: C, 51.04; H, 2.94; N, 9.30.




J=7.7 H, 1.25 Hz, 1H, Ar- IR (KBr .: 3340. NH) .~ -
roH)IR(KBr cnferr]): 3340 (M) [ErEO EERR

1670=(Cc=Q Ms (nfe): 45(4, Merr]) Anal. Calcd.: C, 51.14;

Found: C, 51.04; H, 2.94; N, 9.30. -
-22 - ~The foll ow ng conmpound prepared in subst
sanme manner as that of Exanple 1, St epy\??'

1' - Ami no- 2- [ (4- br ono- 2-f | uor.ophenyl ) net hyl ] - 6-fl uorospiro[isp-

The following compound was prepared in substandally the same manner as that
of Example 1, Step f)

1'-Amino-2-[(4-bromo-2-fluorophenyl)methyl]-6-fluorospiro[iso-
quinoline-4(1H),3'-pyrrolidinel- ,2',3,5'(2H)-tetrone

1H NMR (DMSO-dg, 400 MHz): § 3.42 (q, J = 18.2 Hz, 2H, -CH,CO-), 5.05 (s,
2H, -NCH5-), 5.18 (s, 2H, -NH3), 7.15 (¢t, } = 8.3 Hz, 1H, Ar-H), 7.33 (dd, J = 8.1
Hz, 1.66 Hz, 1H, Ar-H), 7.49 (dt, J = 8.5 Hz, 2.29 Hz, 1H, Ar-H), 7.55 (dd, J =
9.96 Hz, 1.87 Hz, 1H, Ar-H), 7.6 (dd, J = 9.75 Hz, 2.49 Hz, 1H, Ar-H), 8.24 (dd,
J =89 Hz, 5.8 Hz, 1H, Ar-H)

IR (KBr, cmr-l): 3350 (NH), 3280 (NH), 1730 (C=0), 1710 (C=0), 1670 (C=0)
MS (m/e): 463 (94 M*)

Anal. Caled.: C, 49.16; H, 2.61; N, 9.05
Found: C, 49.19; H, 2.66; N, 8.96
m.p. 232-234°C.

EXAMPLE 2

N-[2-[(4-Bromo-2-fluorophenyl.)methy1]-2,3-dfhydro-1,2',3,5'-
tetraoxospiro-[isoquinoline-4(1H),3'-pyrrolidin]-]_.'-yl]-
iminodicarbonic Acid Dimethyl Ester

. To a cold (0°C) solution of 1'-amino-2-[{(4-bromo-2-fluorophenyl)methyljspiro-
[isoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone (2.0 g, 4.48 mmol) in THF
(50 mL) was added Et3N (3.12 mL, 22.4 mmol) followed by dropwise addition of
methyl chloroformate (1.04 mL, 13.44 mmol). After stirring for 30 minutes, the
mixture was poured into H,0, acidified with HCl (2N) and extracted with EtOAc. The
organic extracts were dried over MgSO4. Evaporation and purification by flash
chromatography on silica gel (hexane/EtOAc 2:1) gave a white solid (2.1 g, 83.3%,-
m.p. 214-216°C).



qui nol i ne-4(1H), 3" -pyrrolidinel 1,2',3,5 (2H -tetrone 1H NVRj l\ﬁl\ﬁ] QHEET
400 MHz):..[err] 3.42 (q, J = 18.2 Hz, 2H, -CHerr]CO), 5.05 (s,R —
-NCH err]-), 5.18 (s, 2H, -NHerr]), 7.15 (t, J = 8.3 Hz, 1H Wr
(dd, J = 8.1 Hz, 1.66 Hz, 1H, Ar-H), 7.2®-(dt, J = 8.5 Hz, 2.29
Ar-H), 7.55 (dd, J = 9.96 Hz, 1.87 Hz, 1H, Ar-H), 7.6 (dd, J =}9.
2.49 Hz, 1H, Ar-H), 8.24 (dd, J =8.9 Hz, 5.8 Hz, IH Ar-H IR :
cnierr]): 3BENMRKDMSQ&Dy, GBBIMHZY 303.7C)3H, CQLCHERR6 (8670 18.430), IS - —

(Fgﬁ% é634%§%§r %Q%@Ar}% lé%lg%%‘% %%é%éié% (g % %28&% , 3.1 (s,

EXAVPLE 2 2H, -NCH2-)[ 7488¢t, J = 8.1 Hz, 1H, Ar-H), 7.34 (dd, J = 8.3 Hz, 1.87 Hz, 1H,

tetr aoxosprTot LS SRRt 'rflefﬁ?fh?* @ 9r=°7-?‘gﬁ?%ﬁg?_q:-§gg.§s (4, T = 7.68 Hz,
5 .

L 3"~ pyr
i mi nodi car Ho#f HzAtHd Abithe 8131 (dd er7.8§ , 1.25 Hz, TH, Ar-

IR (KBr, cm-1): 1810 (C=0), 1745 (C=0), 1670 (C=0)
MS (m/e): 561 (50, M+) '
Anal. Calcd.: C, 49.13; H, 3.05; N, 747

Found: C, 49.33; H, 3.22; N, 7.26.

EXAMPLE 3

N-[Z-[(4-Brdmo-z-fluorophenyl)methyl]-2,3-dihydro-1,2';3,5 '.tetra
oxospiro-{isoquinoline-4(1H),3'-pyrrolidin]-1'-yl]Jacetamide

A mixture of 1'-amino-2-{(4-bromo-2-fluorophenyl)methyl]spiro{isoquinoline-
4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone (2.0 g, 4.48 mmol) and acetic anhydride
(20 mL) was stirred at 70°C for 30 minutes. The volatiles were removed in vacuo and
the residue was purified by flash chromatography on silica gel (hexane/EtOAc 1:1) to
give a white solid (1.91 g, 87.3%, m.p. 219-221°C).

IH NMR (DMSO-dg, 400 MHz): 8 1.98 (s, 3H, -COCH3), 3.5 (d, J = 18.9 Hz, 1H,
~HCHCO-), 3.7 (d, J = 18.9 Hz, 1H, -HCHCO-), 5.09 (dd, J = 16.2 Hz, 2H, -CH;-
N), 7.17 (t, ] = 8.3 Hz, 1H, Ar-H), 7.35 (d, ] = 7.9 Hz, 1H, Ar-H), 7.56 (m, 2H,
Ar-H), 7.65 (¢, J = 7.68 Hz, 1H, Ar-H), 7.84 (dt, J = 7.68 Hz, 1.25 Hz, 1H, Ar-H),
8.17 (dd, J = 7.88 Hz, 1.25 Hz, 1H, Ar-H), 10.95 (s, 1H, -NHCOCH3)

IR (KBr, cmr-1): 3240 (NH), 1740 (C=0), 1700 (C=0), 1660 (C=0)
MS (m/e): 487 (54 M+), 387 (100, M+-CONNHCOCHS3)

"Anal. Caled: C, 51.66; H, 3.10; N, 8.61
Found: C, 51.46; H, 3.12: N, 8.54.



To a cold (O[err]C) solution of

1' - am mo-«2- [ (4- brono- 2-f [ uor ophenyl ) net hyl ] spi r o- '
[i soquinoline-4(1H), 3 -pyrrolidine]-1,2',3,5 (2H) -tetrone (2. P&,PL&C.E!M#NT SHEET

mmol) in THF (50 nL) was added Et[err]N (3.12 nm, 22.4 mmol) o owed by
dropwi se addition of nethyl chloroformate (1.04 ni, 13.44 mmo o4 OCT 199
stirring for 30 mnutes, the mxture wag.poured |nto Herr]O a i dified

with HO (2N) and extracted with Et OAc. The organi c extracts F-e—cdred
over MgS err]. Evaporation and purification by flash chronmat pgraphy on

silica gel (hexane/EtOAc 2:1) gave a white solid (2.1 g, 83.3%-"mp.

214-216[err]C). EXAMPLE 4 : - 23 -
1H NWR (Dl\/BOd[err] 40 M—Iz) [err] 3 74 (s 3H qurr]CH) 3. 76 (d, J =18.
Hz, 1H - HCHCO ), (d 3.83

-CO err] CH er rl'ﬁ[z H413¢9m<2|2|-ﬂnmmhwq’DwetWﬂs-Z(3 dljwsirzp (11 1423 51'H, Ar-H),
7.34 (dd, J = &tl;’:-b,&!zosﬁr&? F% gllﬁtolﬁfe ~4)1HY,35% yrFolidin]) A= ¥]-1,1,88 (t, J =
tri ' .

7.47 Hz, 1H, Ar
uoromet%anesulfonamxde

To a cold (0°C) solution of 1'-amino-2-{(4-bromo-2-fluorophenyl)methyl]spiro-
[isoquinolinc-4(1H),3'-pyrrolidine]-1,2",3,5'(2H)-tetronc (2.0 g, 4.48 mmol) in
anhydrous CH2Clz was added Et3N (3.12 mL, 22.4 mmol), followed by dropwise
additon.of (CF3S02)20 (2.26 mL, 13.44 mmol). After strring for 30 minutes the
mixture was poured into H2O, acidified with HCl (2N) and extracted with EtOAc.
Evaporation and purification by flash chromatography, on acid washed silica gel
(hexane/EtOAc 1:1) gave a yellow solid (1.1 g, 42.5%, m.p. 98-100°C).

IH NMR (DMSO-dg, 400 MHz): 8 3.29 (d, J = 18.5 Hz, 1H, -HCHCO-),35(d,J =

18.5 Hz, 1H, -HCHCO-), 5.07 (s, 2H, -NCH3-), 7.18 (¢, J = 8.1 Hz, 1H, Ar-H),
7.32 (dd, J = 8.3 Hz, 1.87 Hz, 1H, Ar-H), 7.38 d, J = 7.88 Hz, 1H, Ar-H),7.53 (dd,
J =9.96 Hz, 2.07 Hz, 1H, Ar-H), 7.62 (1, ] = 8.5 Hz, 1H, Ar-H), 7.78 (dt, T =7.9
Hz, 1.25 Hz, 1H, Ar-H), 8.15 (dd, J = 7.9 Hz, 1.25 Hz, 1H, Ar-H)

IR (KB, carl): 3400 (NED, 1750 (C=0), 1670 (C=O)
MS (m/e): 577 (94, M*), 387 (60, M+ -CONNHS O2CF3)

Anal. Calcd.: C, 41.54; H, 2.09; N, 7.27
Found: C, 41.20; H, 2.03; N, 7.19.



1.45 Hz, 1H, Ar-H), 8.21 (dd, J = ~88.Hz, 1 25 Hz, 1H Ar-H) IR (KBr,

cmerrd)s 1810 (C=O, 1745 (C-O) s SBED) 561 (50 er
Anal . Cal 49.13; H 3.05; N 7. 47REPL HiG ounk : C, LA\&EMQJT)Z%IEET
. N, 7.26.

N-[2-1(4- Br ‘y”wﬂf’” | ) met hyl ] 25 3- di hydro-1, 2',3,5 -tetoa OCT 1996
n

oxospi ro-[i s'oqui , 3" -pyrrolidin]-1" yl]acetamd
m xture of 1'-am no-2- [(4 brom) 2-fl uorophenyl ) met hyl ] spi r of i 'soout nuune-
4(1H), 3 -pyrrolidine]-1,2',3,5 (2H -tetrone (2.0 g, 4:48 | ) and acetic:

anhydride (20 nL) was sti rred at 70@-@@4& or 30 mnutes. The volatiles
were renoved in vacuo and the residue was purified by flash chromatography
on silica\g (hexane/EtOAc 1:1) to give a white solid (1.91 g, 87.3% mp.
219-221[ er¥$ [err]H NI\/R(DI\/SOd[err] 400 MHz): [err] 1.98 (s, 3H,
COCH[err]) 3.5 (d, J = Hz, 1H, -HCHCO) 3.7 (d, J = 18.9 Hz, 1H,

-HCHCO-), 5. 09 dddompoun&s ofzstmcmra% If'drmug_[lf rel-

R‘

wherein:

R! and R? are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl or aryl (lower alkyl) oxy wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms;

R3 is lower alkyl containing 1 to 6 carbon atoms, aryl, aryl (lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains 6 to 10
carbon atoms and lower alkyl contains 1 to 6-carbon atoms;

R4 and R are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
aryl or aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms
and lower alkyl contains 1 to 6 carbon atoms, acyl, carboalkoxy,
alkylsulfoxy, arylsulfoxy, alkylsulfonyl, or arylsulfonyl and the

- pharmaceutically acceptable salts thereof when R4 and R3 are hydrogen,

alkyl or aryl.

Sheet Has Been Replaced

|||I| AL




N, 7.17 (t, J = 8.3 Hz, 1H Ar- % HASIBEEN7| 9 Hz, 1H,Atr—tfy——rr5t—

(m .2H, BAg *H)W i EH!S ?%EE(!Q@E@) 'Ba (dt, J|-REPBACEMENT1SHEET
Hz, 1H, Ar “ 'Ar-H, 14d. 5°TS, J.H -
- NH COCH[ err ] \“\ ‘\ \m r]): 324 (NH), 1740 (C=0), 1904 og

(C=0 I\/B(rﬂe I\/[Serr]) 387 (100, M err] - CONNHCOCH[|erjr ] ?‘ naI

Calcd.: C, 51.66; H, 3.10; N, Found: C, 51.46; |H L3«
8. 54.

-2
2. The compounds accordma to claun 1 of structural formula ( H)

R

- wherein R! and R2 are hydrogen or halogen, R is a dihalogen substimted
benzyl, R4 and R5 are hydmgen acyl carboa.lkoxy or tnﬂuoromcthylsulfonyl

3. ' Thc compound accordmg to claim 2 I-am1no-2-[(4-bromo-2 fluorophenyl)-
methyl]spiro(isoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tezrone.

4. The compound according to claim2 1'-amino-2-{(4-bromo-2-fluorophenyl)-
methyl]-6-fluorospiro[isoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-
tetrone.

5.  Thecompound according to claim2 N-[2-[(4-bromo-2-fluorophenyl)methyi]-
2,3-dihydro-1,2',3,5-tetraoxospirofisoquinoline-4(1H),3'-pyrrolidin}-1'-
ylJiminodicarbonic acid dimedxyl_est_er.

6.. Thecompound iccording toclaim2 N-[2-[(4-bromo-2-flucrophenyl)methyl]--
2,3-dihydro-1,2',3,5' -tetraoxosmro[xsoqumohnc-4(1H),3'-pyrrohdm] 1-yl}-
acetamide.

7. The compound according toclaim2 N-[2-[(4-bromo-2-fluorophenyl)methyl]-
2,3-dihydro-1,2',3,5'-tetraoxospiro[isoquinoline-4(1H),3'-pyrrolidin]-1'-yl]-
1,1,1-trifluoromethansulfonamide.

This She

il



EXAVPLE 4 ' KQWBW?_@
N- [ 2= [«-4s.Br ono- 2- f | uorophenyl)rret hyl ] -2, 3-di hydro-1, 2", 3,5" - - .
t et raoxospi ro- [isoquinoline-4(1H), 3 pyrrol idin]-1' yI I-1,1, 1{-.‘ 0CT 1996
trifluoronethanesul f onam de To a cold (0C sol ut on {of

|'* - am no- 2-[ (4- brono- 2-fl uor ophenyl ) net hyl ] spi ro- -
[isoquinoline-4(1H), 3' -pyrrolidine]- 1,97 3,5 (2H) - tetrone(2 9, 4.48

mol ) in anhydrous CHerr]C[err] was added Et[err]N (3.12 mil=—222-TM0l),
fol |l owed by dr ophi-AVIINO P&RQﬁsp@péqusmsr.ugmp,srqny:m@@lmrq 3. 44

mml). After stirri if L) Lo err]O
acidified wth HC ?%Nygn(d%e%%aéﬂﬁ m&@%@g& 2‘??%#2295
purification by flashUsEtodht 8¢ ALDOSEN REDYUGEASE] INHIRIT QRS

(hexane/ Et CAc 1+H)r—gave -a-yeltow- seHd_(l 41 -g, -42.5% mp. ‘98-100C)
[err]H NVMR (DVSO-d[err], 400 MHz): [er ABSXRACM, J = 18.5 Hz, 1H
-HCHCO) 3.5 (d, J=18.5 Hz, 1H, -HCCO), 5.07 (s, 2H -NCH[err] , 7.18

(t, J =8 1%, 1H ’f‘ﬁis"ihvexﬁm%&cfa@ig o' mn&o%pxk&[zsoéui%hhl&«s( rf xdmZ 38
?t , J J =_7 882 x 1%}5 5 - cbroﬂ,é%é g:g?' pgajmagcf%gzlﬁz ak:ccptaorﬂe yazlis ther o pl_rQ)d:csscs
for their prcparanon 1o methods for using the compounds, and to phammaceutical
preparations thereof. The compouads have phanmaceutical properties which render
them beneficial for the preveation or ti'ca-tfnen_t of diabetes mellitus associated
.. complications.




‘H"z,;1'.,25 Hz, 1H, Ar-H), 8.15 (dd, J = 7.9 Hz, 1.25 Hz, 1H, H—1
cnferr]):. 3400 (NH), 1750 (C=0), 1670 (C=0) M5 (me): 577 (91,3@#&?&%“

(60, Merr]

-CONNHS( err] CF[err]) Anal. Calcd.: C, 41.54; H} 7097 N, /.27
Found: C, 41.20; H 2.03; N, 7. 19.1 7 g6 1AM 1599
-25-
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This invention relates to l'-aminospiro[isoquinoline-4(1H),3'-pyrrolidine]- ,LP05

1,2',3,5'(2H)-tetrones and their pharmaceutically acceptable salts thereof, to processes for
their preparation, to methods for using the compounds, and to pharmaceutical

- preparations thereof. The compounds have pharmaceutical properties which render them

beneficial for the prevention or treatment of complications associated with diabetes

mellitus.
-~

The use of insulip and/or oral hypoglycemic agents in the treatment of diabetes
mellitus has prolonged the life of many of these patients. However, their use has not had
a demonstrable impact on the development of diabetic complications such as neuropathy,
nephropathy, retinopathy, cataracts and vascular disease which accompahy the
underlying metabolic disorder. There is little question that chronic hyperglycemia plays
a major role in the genesis of these complications, and that complete normalization of
blood glucose would likely prevent most if not all complications. For a number of
reasons, though, chronic normalization of blood glucose has not been achieved with the
currently available therapies.

The long-term complications of diabetes develop in tissues where glucose uptake
is independent of insulin. In these tissues, which include the lens, retina, kidney and
peripheral nerves, the systemic hyperglycemia of diabetes is rapidly transposed into high
tissular concentrations of glucose. In all of these tissues this excess glucose is rapidly
metabolized by the sorbitol pathway. The intense diabetes-induced flux of glucose
through this pathway appears to initiate a cascade of biochemical alterations which
slowly progress to cell dysfunction and structural damage. Aldose reductase, the key
enzyme in the sorbitol pathway, reduces glucose to sorbitol at the expense of the cofactor
NADPH. In animal models of diabetes, compounds which inhibit aldose reductase have
been shown to prevent the biochemical, functional and morphological changes induced
by hyperglycemia. Early studies by J.-H. Kinoshita and collaborators implicated aldose

reductase in the etiology of diabetic cataracts. More recent studies have provided

compelling evidence that aldose reductase also plays a significant role in the initiation of
diabetic nephropathy, retinopathy and neuropathy (cf McCaleb et al, J. Diab. Comp., 2,
16, 1989; Robinson et al, Invest. Ophthalmol. Vis. Sci., 30,, 2285, 1989; Notvest and
Inserra, Diabetes, 36, 500, 1987.

-U.S. Patent 4,927,831 published May 22, 1990, discloses that the spiro-
isoquinoline-pyrrolidine tetrones of formula

“17

3
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5  where R! is hydrogen or fluorine and R2 is hydrogen are useful as aldose
reductase inhibitors for treating complications of diabetes and galactosemia. EP-A-458
549 published 27 November 1991 discloses that compounds of the same formula where
R! is as defined above and R2 is ethyl lower polyol accumulation in a test conducted in
vivo. However, the pharmacological data shows that they do not in themselves act as
10  aldose reductase inhibitors in a test carried out in vitro.

The 1'-aminospiro[isoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrones of the
present invention are represented by formula (I): '

15

wherein: _
R1! and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
20 nitro, aryl or aryl (lower alkyl) oxy wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms;



e

5. Wne_rei n: ~ Rlerr] and Rerr] are independent!f
al kyl containing 1 to 6 carbon atons, © ha cﬂrﬁr"eﬂggﬂ? SHEET

al koxy containing 1 to 6 carbon atons, trifluoronethyl,
nitro, aryl or aryl (lower alkyl) oxy wherein aryl contains 6|t¢ D0bcit¥dAI9
atons and | ower al kyl contains 1 to 6 carbon atons; 10 Rlerr] is
| ower al kyl containing 1 to 6 carbon atongs, aryl, aryl (lowerjalkyl) or

di hal ogen substituted aryl (I ower al kyl) -Y¥her ei n aryl cont air{u 6.1t0 10
carbon atons and #jovver al k contains 1 to 6 carbon ato E%

and Rlerr] are iRdigewerah 9°$f9kﬂr"tﬂgléﬁ6°&¥WIa‘%P’éff ﬁDﬂé‘OP’"cE%‘kE’)Eéﬁ“ fgen
atonms, aryl or subsututed aryldlowler flk P)heinkarycontaik 6itd 1BearborcaorhaimidoBert 0

10 carbon atons and f 1 bo al kyl contains 1 to 6 carbon atons,
al kanoyl of 2 to Sa& ?S’GHI"Et dfg carbon atoms; al koxycar bonyl , al kyl sul f oxy,
aryl sul f oxy, aIkyIsquonyI trlfluoronethylsulfonyl

aryl sul fi)nyl or Rf emcH]l mdnda[pgmdcptlﬁhgdxpmmemy[ epnfaiipg 1 to 6 carbon atomsaaryl or
heterocyclic ring gy J1ckRr 41K, l)n\ghé&arﬁyv Stk 6% ldﬁ@aﬂﬂbﬂi E@&Q%MQQW ﬂlaylt hey

%E grjri)l ned and. phal;:glgglggh;,é? gg%fe abab@ngﬁﬂtsz car on atc?nQS,a ko‘(ry]cax%onyl
- alkylsulfoxy, arylsulfoxy, alkylsulfonyl, trifluoromethylsulfonyl, arylsulfonyl or
R4 and RS5 are joined to form a heterocyclic ring of 5 to 7 ring atoms including the
10 nitrogen atom to which they are joined, and pharmaceutically acceptable salts
thereof when R4 and R3 are hydrogen, alkyl or aryl.

A more preferred group of compounds of the present invention is represented by

formula (I):
15

R‘

wherein R! and R2 are hydrogen or halogen, R3 is a dihalogen substituted benzyl, R4
and RY are hydrogen, acyl, alkoxycarbonyl or trifluoromethanesulf onyl.
20

The most preferred compounds of the present invention are set forth below:

1'-amino-2-[(4-bromo-2—ﬂuorophe_:nyl)mcthyl]spiro[isoquinqlinc-4(1H),3'—

)5 pyrrolidine]-1,2',3,5'(2H)-tetrone;

'-amino-2-[(4-bromo-2-fluorophenyl)methy!]-6-fluorospiro[isoquinoline-4(1H}), 3'-
pyrrolidine]-1,2',3,5'(2H)-tetrone;

N-[2-[(4-bromo-2-fluorophenyl)methyl}-2,3-dihydro-1,2',3,5"
30 tetraoxospiroisoquinoline-4(1H),3"-pyrrolidin]-1-yl]iminodicarbonic acid dimethyl
ester;



L)

- 26°-

formulal1)

10

15

20

25

30

2. The conpounds according to claim1 of St_FW
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N-[2-[(4-bromo-2-fluorophenyl)methyl]-2,3-dihydro-1,2',3,5'-tetraoxospiro[isoquinoline-
4(1H),3"-pyrrolidin]-1'-yl]acetamide; and :

N-[2-[(4-bromo-2—ﬂuorophenyl)methyl]-2,3-dihydro-1,2',3,5'-tetraoxospiro[isoquinolinc-
4(1H),3'-pyrrolidin}-1"-yl]-1,1,1-trifluoromethanesulfonamide.

The compounds of formula (I} all possess at least one asymmetric carbon atom,
namely the spiro carbon atom at position 3' of the pyrrolidine ring. The compounds of
formula (I) therefore exist, and may be isolated, in two or more stereoisomeric forms.
This invention encompasses the compounds of formula (I) in racemic form or in any
optically active form. '

The 1'-aminospiro[isoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrones can
be prepared by the processes described hereinafter.

The compounds of the invention can be used in a method for preventing or

relieving diabetes mellitus associated 'complications in a diabetic mammal by
administering to said mammal a prophylactic or alleviating amount of the compounds of
formula (I). Such complications include neuropathy, nephropathy, retinopathy,

keratopathy, diabetic uveitis, cataracts and limited joint mobility.

The compounds of formula (I), when admixed with a pharmaceutically
acceptable carrier, form a pharmaceutical composition which can be used according to
the preceding method.

The 1'-aminospiro{isoquinoline-4(1H),3'-pyrrolidine]-1,2'3,5'(2H)-tetrones of this
invention may be administered to mammals, for example, man, cattle, or rabbits, either
alone or in dosage forms, i.e., capsules or tablets, combined with pharmacologically
acceptable excipients. |

The compunds of this invention may be given
orally. For example, the compounds may be administered
topically directly to the eye in the form of drops
of sterile, buffered ophthali-nic solutions, preferably
of pH 7.2-7.6. Also, they may be administered orally

in solid form containing such excipients as starch,

milk sugar, certain types of clay and so forth.They
may also be administered orally in the form of solutions
or they may be injected parenterally. For parenteral



wherein"Rerr] and Rl err] are hydrogen or halogen, R3 is a dihalogen

substituted benzyl, R4 and R5 are hydrogen, acy

. al koxycarbonyl or trifluoronethyl sul fonyl. 5 3. The cp REPLAEEMENT SHEET
according to claim2 1'-am no-2-[(4-brono-2-fluorophenyl)-
met hyl ] spi ro[ i soqui noline-4(1H), 3" -pyrrolidine]-1,2",3,5 (2H- epr%néQN 1339
4. The conpound according to claim 2
1' - ami no- 2-[ (4- brono- 2-fl uorophenyl )- -5
nethyl]-6-f|uorosP|ro[|squ|noI|ne

L Yrro
tetrone. f@minigation, theyanaydiesethin Qec,fewapﬁgsaealeao&qtmngpt]cfcrably of p ,

N- [ 2- [ (4- beendinidg & bheomsyatieally Adzestible buffer. | 2, 3-di hydr o- 1, 2' ,3
, 5' -tetraoxospiro[isoquinoline-4(1H), 3" -pyrrolidin]-
yI ]i m nodi carboni c acid dinmethyl ester. 6. h onpound accordi ng

to claimz2 N [2Thg dofagorbd iz 1 taminostmbigpquiralingt4(1H), 3'-pynohdme] -1.2,35'@Hy dr o-
1.2, 355 1dtRBhELQNPIRY AkH BRUSHAYF ddenidistifiondanddite! Pirti€lilad cdmpotink-chosen.
 Furthermore, it will vafy with the particular host under treatment. Generally, treatment is
initiated with small dosages substantially less than the optimal dose of the compound.
Thereafter, the dosage is increased by small increments until efficacy is obtained. In general,
the compounds of this invention are most desirably administered at a concentration level that
10  will generally afford effective results without causing any harmful or deleterious side effects.
For topical administration, a 0.05-1.0% solution may be administered dropwise in the eye.
The frequency of instillation varies with the subject under treatment from a drop every two or
three days to once daily. For oral or parenteral administration a preferred level of dosage
ranges from 1.0 mg to 10.0 mg per kilo of body weight per day, although
.15  aforementioned variations will occur. However, a dosage level that is in the range of from
1.0mgwo 10.0 mg per kilo of body weight per day is most satisfactory. '

Unit dosage forms such as capsules, tablets or pills may contain from
50 mgto 25.0 mg of the active ingredients of this invention with a pharmaceutical
20  carrier. Thus, for oral administration, capsules can contain from between 5.0 mg to
25.0 mg of the active ingredients of this invention with or without a pharmaceutical
diluent. Tablets, either effervescent or noneffervescent, can contain between  501t025.0
mg of the active ingredients of this invention together with conventional pharmaceutical
cam’ers. Thus tablets, which may be coated and either effervescent or noneffervescent, may
25  be prepared according to the known art. Inert diluents or carriers, for example, magnesium
carbonate or lactose, can be used together with conventional disintegrating agents for example,
magnesiumn stearate. ' '

- The 1™-aminospirofisoquinoline-4(1H),3"-pyrrolidine]-1,2'3,5'(2H)-tetrones also can
30  be used in combination with insulin or oral hypoglycemic agents to produce a beneficial effect
in the treatment of diabetes mellitus. In this instance, commercially available insulin
preparations or oral hypoglycemic agents, exemplified by acetohexamide, chlorpropamide,
tolazamide, tolbutamide and phenformin, are suitable. The compounds hereof can be
administered sequentially or simultancously with insulin or the oral hypoglycemic agent.

35  Suitable methods of administration, compositions and doses of the insulin preparation or oral




5 acet am de. 7. The conpound according to claim?2 '

1 _
N-[ 2-[ (4- brono-2-fl uorophenyl ) nethyl ] -
2, 3-di hydro-1,2',3,5 -tetraoxospiro[isoqui noline-4(1H), 3" - pyy rREP!.A?EMFNT -S\'I.lEET
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- 27 - 8. A process for the preparation of a conpound cl I’T’:‘dnlﬁ’l M&*fiﬁg
[1, W]m ch conpri ses a) acyl ating a conpound of forakl

err ' -6-

hypoglycemic agent are described in medical textbooks; for instance, Physicians' Desk
Reference, 42 ed., Medical Economics Co., Oradell, N.J., U.S.A., 1988.

5 The utilization of the compounds in preventing, diminishing and alleviating diabetic
complications is demonstrable in experiments using galactosemic rats, see Dvornik et al.,
Science, 182, 1146 (1973). Such experiments are exemplified hereinbelow after the listing of
the following general comments pertaining to these experiments:

10 () Four or more groups of six male rats, 50-70 g, Sprague-Dawley st\rain, were
used. The first group; the control group, was fed a mixture of laboratory chow (rodent
Laboratory Chow, Purina) and glucose at 20% (w/iv %) ‘concentration. An untreated
galactosemic group was fed a similar diet in which galactose was substituted for glucose. The
third group was fed a diet prepared by mixing a given amount of the test compound-with the

15  galactose containing diet. The concentration of galactose in the diet of the treated groups was
the same as that for the untreated galactosemic group.

(b)  After four days, the animals were killed by euthanization. Both the lens and

sciatic nerve were removed, weighed and stored frozen for polyol determination.
20

()  The polyol determination was performed by a modification of the procedure of
M. Kraml and L. Cosyns, Clin. Biochem., 2, 373 (1969). Only two minor rcagént changes
were made: (a) the rinsing mixture was an aqueous S% (w/v) trichloroacetic acid solution and
(b) the stock solution was prepared by dissolving 25 mg of dulcitol in 100 mL of an aqueous
25  trichloroacetic acid solution. [N.B.: For each experiment the average value found in the tissue
from rats fed the glucose diet was subtracted from the individual values found in the
corresponding tissue in galactose-fed rats to obtain the amount of polyol accumulated.] The
aldose reductase inhibiting effects of the compounds of formula (I) were also tested by
-employing an in vitro testing procedure similar to that described by S. Hayman and J.H.
30 Kinoshita, J. Biol. Chem., 240, 877 (1965) In the .prcscnt case the procedure of Hayman and
Kinoshita was modified in that the final chromatography step was omitted in the preparation of

the enzyme from bovine lens.

The following tabulated results show that the 1'-aminospiro[isoquinoline-4(1H),3'-

35  pyrrolidine]-1,2,3,5'(2H)-tetrones of this invention show the property that they are active in
vivo and diminish the accumulation of dulcitol in the lenses, sciatic nerves and diaphragm of

rats fed galactose. The figures under L, N, and D represent the percentage decrease of dulcitol
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wherein Cerr]R err]
are as defined in claiml to give
formula 1 and if desired where possible i’
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is an ester function and R[er{] ,rRetri—ad

2 correspondi ng co 0anh gf jan 1993
olating as a salt Jor |

accumulation in the tissues of the lens, sciatic nerve, and diaphragm, respegtively, for treated

rats as compared 1o untreated rats.

% Lowering Galactitol

% Inhibition

of Aldose Accumulation

Reductase InVivo
_ In Vitro Dose
Rl | R4 RS 10°M | mg/kg/day | %(L) %(N) %(D)
H H H 5 56 82 72 97
F | H H 0 50.5 54 75 96
H H COCHj3 20 57 25 73 90
H H SO CF3| 0 55 NS NS .66

~ H JCOCH3 |CO2CH3 0 55 NS - 50 82

(NS = not significant)




b) acyl ating a compound of fornula | wherein one of Rerr] and Rerr]-is
hydr ogen, the other is selected from hydrogen, |ower al fgyt=——aryt -
aryl (I oweral kyl) with an acyl ating agent (i ncluding sul oBERlaG%N&R'EV SHEET
and sul finylating agents) containing the group _
[err] where Rerr] is alkyl, nis 1 or 2 and Rerr] is alkyl aryd dapN 1899
qund of
al kyl') and

Qr

is 2 and Rerr] is trifluoronmethyl, tqQ give a correspondi ng co

formula | wherein Rlerr] is hydrogen, “alkyl, aryl or aryl (lo

Rlerr] is al kanoyl, al koxycarbonyl, al kyl sul foxy, aryl sul foxy, .

al kyl sul fonyl, arylsul fonyl or trifluororethylsulfonyl or Rerr|] and R err]

are bot h al koxycar bonyl , al kanoyl, al kyl sy] foxy, aryl sul foxy, .

al kyl sul fon%ereaﬁlfsuhiwl nOfs Urof [uandniet Kyl silylloerylaryl er n ig 2

phar maceuti cal gonpositjon co I sjng.a.c : | ndNofiny one of

clainms 1 to3m inﬁ BRIt Jd’r°§°WTrH3( a %%%rlrgrﬁcagtrﬁa?ga °3&3‘géc§§f§ﬁ‘| e carrier.
formula I wherein RY is hydrogen, alkyl, aryl or aryl (loweralkyl) -

and RS is alkanoyl, alkoxycarbonyl, alkylsulfoxy, arylsu}quy,4
alkylsulfonyl, arylsulfonyl or trifluoromethylsulfonyl or R™ and -
RS are both alkoxycarbonyl, alkanoyl, alkylsulfoxy, arylsulfoxy,

r

alkylsulfonyl, arylsulfonyl or trifluoromethylsulfonyl.

With regard to process a) the acylation may be carried out using the carboxylic
acid of formula XIV and a coupling agent such as a carbodiimide e.g.
dicyclohckylcarbodiimidc. Altematively the carboxylic acid group may be in activated
10  form e.g. as an acid halide such as the chloride or bromide, or an anhydride such as a-
mixed anhydride. Processes for preparing compounds of formula III are described in
Publication No. GB 2224734 and EP Publication No. 365324

With regard to process b) examples of the acylating agent are acid halides and
anhydrides e.g. cormpounds of formula R8COhal, (R8C0)20, R9S(O)qhal,
15  (R9S0,)20 and haloformates such as Cl COORS.

Multiple acylation may be effected using a stoichiometric excess of acylating
agent and more vigorous acylating conditions.

- Preferred routes to compounds of the invention are shown in the process
below:- '
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[ Thecompaundsof ssonal forms . II[III{HIII{I"{IIlll{llli!ll

5  wherein:

R1 and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl or aryl (lower alkyl) oxy wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms;

10 R3 is lower alkyl containing 1 to 6 carbon atoms, aryl, aryl (lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains 6 to 10
carbon atoms and lower alkyl contains 1 to 6 carbon atoms;

" R*and R® are independently hydrogen, alkyl containing 1 to 6 carbon atoms, aryl or
aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms and lower
alkyl contains 1 to 6 carbon atoms, alkanoyl of 2 to 5 carbon atoms,
alkoxycarbonyl, alkylsulfoxy, arylsulfoxy, alkylsulfonyl,
trifluoromethylsulfonyl, arylsulfonyl or R*and R’ are joined to form
a heterocyclic ring of 5 to 7 ring atoms including the nitrogen to which they
are joined and pharmaceutically acceptable salts thereof when R* and R’

are hydrogen, alkyl or aryl.
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wherein R1 and R2 are hydrog‘en.or halogen, R3 is a dihalogen substituted
benzyl, R* and R3 are hydrogen, acyl, alkoxycarbonyl or trifluoromethylsulfonyl.

The compound according to claim 2 1'-amino-2-[(4-bromo-2-fluorophenyl)-
methyl]spiro{isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-terone.

The compound according to claim 2 1‘-amin6—2—[(4-bromo-2~ﬂuorophenyl)-
methyl}-6-fluorospirofisoquinoline-4(1H),3'-pyrrolidine}-1,2,3,5'(2H)-
tetrone.

The compound according to claim 2 N-[2-[(4-bromo-2-fluorophenyl)methyl]-
2,3-dihydro-1,2',3,5"-tetraoxospirofisoquinoline-4(1H),3"-pyrrolidin}-1'-
ylJiminodicarbonic acid dimethyl ester.

The compound according to ¢laim 2 N-[2-[(4-bromo-2-fluorophenyl)methyl]-
2,3-dihydro-1,2',3,5"-tetraoxospiro[isoquinoline-4(1H),3"-pyrrolidin}-1"-yl]-
acetamide.

The compound according to claim 2 N-[2-{(4-bromo-2-fluorophenyl)methyl]-
2,3-dihydro-1,2‘,3,5'-tctraOXOSpiro[isoquinolinc-4(1H),3'-—pyrrolidin]_-1"-y1]- |
1,1,1-trifluoromethansulfonamide.
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3. A process for the prcparauon of a compound claimed tn clalm 1, whiph Comprises
a) acylating a compound of formula
RORSNNH; (X1n -

wherein R4 and R3 are as defined in claim | with a compound of formula

. COH o ' .
' C02R6

N\ 0

// NR3

)

(XIV)

R?.

or an actvated form thereof

wherein CO3RS is an ester function énd. R!, RZ and R3 are as defined in claim 1 10 give a

corresponding compound of formula [ and if desired where possible isolatng as a salt

or

b) acyladng a compound of formula [ whc'rcin one of R4 and RJ is hydrogen, the
~other is selected from hydrogen, lower alkyl..aryl or aryl(loweralkyl) with an acyladng
agent (including sulfonylating and sulfinylatng agents) containing the group

RECO-, REBOCO- or RIS(O)q-

vhere R8 is alkyl, n is 1 or 2 and R9 is alkyi or aryl or, n is 2 and R9 is
trifluoromethyl, to give a corresponding'compound of formula I wherein r4
is hydrogen, alkyl, aryl or aryl (lower alkyl) and RS is alkanoyl,
alkoxycartonyl, alkylsulfoxy, arylsulfoxy, alkylSulfonyl,-arylshlfonyl or
trifluoromethylsulfonyl or r4 and Rs are both alkoxycarbonyl, alkanoyl,
alkylsulfoxy, arylsulfoxy, alkylsulfonyl, arylsulfonyl or
trifluoromethylsulfonyl.

9. A pharmaceutical composition comprising a compound as claimed in

any one of claims I to 7 in admlxture with a pharmaceutlcally acceptablc

Ll

carrier.




